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ABSTRACT 
Lead glazed vessels could be the source of poisoning 
for rural Mexicans. The degree of poisoning depends on 
the amount of lead released from the handcrafted ware and 
on how much lead is then ingested with food or beverages. 
The poisoning is subtle, and the people may not recognize 
the connection between the disease and the source. There-
fore, education and technological changes are necessary 
to reduce the risk of lead poisoning. 
I investigated the problem of lead release from Mexi-
can earthenware from several approaches. First, the ceramic 
materials and methods involved in pottery making in central 
Mexico were studied. Second, I discussed the problem with 
some persons who live in a pottery producing area, Michoacan, 
to understand their attitudes toward lead glazes and poison-
ing. Third, chemical analysis was performed on pots collect-
ed in the region and produced by similar means. 
Through these approaches, I made several major find-
ings. Lead oxide is a low temperature flux in glazes. 
Such glazes are especially suited to traditional pottery 
making in Mexico. Some changes have occurred in the past 
40 years due to new markets and buyers. Modern designs 
and finishes have become popular in central Mexico, and 
some potters are using even leadless glazes. The chemical 
analysis, the Food and Drug Administration's acetic acid 
i 
test, showed that two-thirds of the 34 Mexican pots had 
unsafe releases. (The testing procedure, however, has 
been criticized at international meetings. ) 
I have reached four conclusions concerning the prob-
lem of lead release. First, Mexican earthenware does re-
lease unsafe amounts of lead. Second, the potters and 
consumers of such ware risk at least insidious poisoning 
from the production and usage of the pottery. Third, these 
persons are not aware, however, of the disease or the prob-
able source. Fourth, technological changes would be ac-
cepted if they prove to be economically feasible for rural 
pottery making. 
ii 
ACKNOWLEDGEMENTS 
The interdisciplinary and cross-cultural nature of 
this undertaking has necessitated the involvement of per-
sons from many different fields. I am grateful for their 
cooperation and encouragement. 
Three professors have been my closest advisors, and 
I am appreciative of their time and patient work with me. 
Dr. James Hester suggested some of the key research ques-
tions, and through the Proudian Interdisciplinary Honors 
Program, he gave financial support. Dr. Roger Baty invited 
me to study in Mexico and oriented me to the region of 
special concern. He also suggested the particular study 
problem and aided me in establishing contacts involved 
with the local pottery craft. Dr. J. L. Roberts directed 
my analytical research of the glazes and helped my under-
standing of the chemical principles. 
Other persons need to be recognized also for their 
assistance. Mr. Leon Moburg was instrumental in my educa-
tion concerning general ceramics, both artistic and techni-
cal aspects. Dra. Carolina E. de Mujica was the adminis-
trator of the cultural exchange program in Mexico. She 
encouraged my adjustment to a new living situation with 
a local family. Dr. Margarita Barthelemy informed me of 
current work and developments in the local earthenware 
production and usage, and she and her husband hosted me 
iii 
graciously. Dr. and Mrs. Harvey Baty encouraged me in diffi-
cult times during the field work. Sra. Gabriela Mahn 
patiently taught me conversational Spanish, which was central 
to my work. Ing. David Martin explained technical informa-
tion and introduced me to some informants. Dr. George M. 
Foster discussed my thesis and shared his field experiences 
with me. Sra. Maria Teresa Luft aided me in understanding 
Mexican culture and the crafts of Michoacan. Mike Nelson 
and Leslie Wood advised me on ceramic work. Mr. Lawrence 
Marshburn and the Armacost Library Staff directed me to 
valuable resources. 
Many special thanks go to Sra. Dolores Medina de 
Dominguez, Sr. Emilo Molinere, Sr. Vicente Rendon, and 
Sr. Miguel Morelos for their gracious hospitality and 
answers to my questions during the field work. Finally, I 
owe my appreciation to the Dominguez family of Tzintzuntzan, 
Michoacan, who opened their home to me. 
Although I have received much from all of these per-
sons, I bear the responsibility for all of the conclusions 
reached by this study. 
iv 
INTRODUCTION 
TWO POTTERS AND THE PROBLEM 
Sra. Dolores Medina de Dom{nguez is a potter in the 
rural Mexican village of Tzintzuntzan. She and her family 
make pottery by following the tradition which was intro-
duced by the Spaniards in the sixteenth century. Sra. 
; 
M. de Dominguez kneels for hours and patiently works as 
she fashions the clay, which her husband digs, into simple 
bowls. She and her family glaze the pottery, and her hus-
band stacks the pots in the kiln and fires the load. Fin-
ally, she sells the pots wholesale to a neighbor who dis-
tributes them to local retailers. 
Sr. Miguel Morelos also makes pottery in the same 
village. Sr. Morelos, who is about 45 years old, learned 
the craft from his grandmother and father, yet he grew 
up in a period of change. Unlike Sra. M. de Dominguez, 
he and his family use clay and glazes which they purchased 
in Mexico City 350 miles to the east. Sr. Morelos fires 
his pottery in a commercial, gas kiln. He sells his ware 
from his home or through some exporters to the United States. 
The glazing tradition which Sra. M. de Dominguez 
follows is suited to relatively low temperatures. Raw 
lead oxide in a water suspension with a local mineral is 
applied to the pottery. The pots are fired in a wood-
fueled kiln in which the temperatures vary greatly. The 
1 
/ 
lead glazed pots have a bright, clear finish after firing . 
The more sophisticated technology which Sr. Morelos 
uses is applicable to higher temperature glazes. At these 
temperatures, either a leadless glaze can be used or bhe 
lead volatilizes. Sr. Morelos began to fire higher on 
the advice of a Mexican government commission which told 
him that only pots with a low lead release can be exported 
to the United States. High releases can cause lead poison-
ing, so the U.S. Food and Drug Administration tests all 
shipments and rejects those which it judges to be unsafe. 
Thus, Sr. Morelos has bought equipment and materials in 
order to produce safe pottery. 
The problem of lead release is immediate to Mexico. 
Sr. Morelos has been told about the problem and does not 
use lead, but his is exceptional in Tzintzuntzan. Sra. 
M. de Domfnguez is not at fault for using lead glazes be-
cause she does not know about the lead release and she 
can only make pottery in the traditional way. Neverthe-
less, lead release from lead glazed pottery could poison 
people. 
In this thesis, the problem of lead release from 
Mexican earthenware is investigated. The methods of re-
search are explained in Chapter I. Next, in Chapter II, 
lead in ceramics is detailed. Then the chemical reaction 
of acids with lead glazes and the subsequent ingestion 
of lead are discussed in Chapter III. In Chapter IV, 
2 
3 
traditional and modern pottery making in Mexico is des-
cribed particularly with regard to lead glazes. In Chap-
ter V, the means of lead intake by potters and consumers 
are identified. Then, the discussion and results of chemicai 
I 
analysis of pottery from Michoac~n, Mexico, are given in 
Chapter VI. Finally1 with these findings, four conclu-
sions are drawn and evaluated in Chapter VII. 
CHAPTER I 
THREE APPROACHES TO THE PROBLEM 
Lead release from Mexican earthenware is a complex 
problem and many disciplines are required to investigate 
it. When one considers the degrees of lead poisoning and 
the ways to ingest lead, medical and anthropological tech-
niques are useful research tools. Ceramic and chemical 
methods can solve the problem of making lead glazes which 
have subtoxic releases yet simple compounding. To research 
the problem of lead release, I have used the approaches 
of a ceramist, an anthropologist, and a chemist. 1 
As a Ceramist 
I began the approach from a ceramist's viewpoint 
by learning the rudiments of the craft. Several texts 
on ceramics supplied knowledge, and an intensive studio 
. 1 . 2 ceramics c ass, experience. The basic skills such as 
hand modeling, glazing, and firing techniques were learned 
in addition to the terminology. 
1 r am not qualified to approach the problem as 
medical doctor would. My training is in chemistry. 
regard to the other approaches, one does not need to 
an expert in each field in order to use parts of the 
ology. 
a 
In 
be 
method-
2Making Pottery Without a Wheel, Pioneer Pottery, 
Clays and Glazes for the Potter, and Ceramic Glazes. 
A pibliography of 62 references was begun on 4 by 6 note 
cards. 
4 
5 
Dr. Roger Baty's bilingual and photographic book, 
Regional Crafts of Mexico Book 1: Pottery Making, prepared 
me to observe the craft and to talk with the potters in 
the field. For example, the interdependency of fuel, kiln, 
clay, and glaze became apparent. The temperature of the 
glaze firing was measured with pyrometric cones. I discussed 
technological problems with potters. In Guadalajara, an 
engineer with M+T Industries, Ing. David Martin, showed 
me the ceramic industry in the area and the appropriate 
technology to use leadless glazes. 
I attempted to produce similar glazed pottery here 
in the facilities of the University of Redlands, also. 
Fifty test pots were molded by hand using low fire clay, 
and these were fired in a gas kiln. A ceramics textbook 
furnished the formulas of six 3 lead glazes. (See Table 
1. Raw Glaze Compositions, p. 6.) Each pot was glazed 
by filling it with the glaze suspension and then immediately 
pouring out the excess glaze. I fired the entire batch 
to a temperature between 983° and 1008° C (cone 08 and 
07), which is similar to the conditions in Mexico. 
3F. Carlton Ball and Janice Lovoos, Making Pottery 
Without a Wheel, pp. 145-147. 
Table 1. Raw Glaze Compositions. 
All glazes contain 14 g of Mgso 4 and 7 g of gum arabic. 
Glaze #1 
Compound 
White lead 
Flint 
Feldspar 
Kaolin 
Frit 3134 
Tin oxide 
Glaze #3 
Compound 
White lead 
Flint 
Feldspar 
Kaolin 
Whiting 
Zinc oxide 
Glaze #5 
Compound 
White lead 
Flint 
Feldspar 
Ru tile 
Cobaltous 
oxide 
grams 
500 
154 
100 
140 
190 
54 
grams 
310 
200 
112 
22 
20 
32 
grams 
712 
128 
111 
68 
18 
Glaze #2 
Compound 
White lead 
Flint 
Feldspar 
Kaolin 
Frit 3134 
Tin oxide 
Copper carbon-
grams 
500 
154 
100 
140 
190 
54 
ate 15 
Glaze #4 
Compound 
White lead 
Flint 
Feldspar 
Kaolin 
Whiting 
Zinc oxide 
Copper oxide 
grams 
310 
2 00 
112 
22 
20 
32 
8 
Manganese di- 14 
oxide 
Glaze #6 
Compound 
White lead 
Flint 
Feldspar 
Kaolin 
Zinc oxide 
grams 
600 
200 
100 
80 
196 
6 
As an Anthropologist 
I used the methods of an anthropologist in the field 
work. Information was gathered in a rural community in 
Michoacan, Mexico. The research was not only interdiscip-
linary but also cross-cultural. 
In order to interview informants and understand social 
structures, orientation to the language and culture of 
Mexico was necessary. The history, geography, and modern 
culture of Mexico was studied by using several texts, maps, 
and films. 4 The Tarascan (pre-Columbian) heritage of the 
study area was a specific focus. Ninety-five hours of 
intensive Spanish instruction by Sra. Gabriela Mahn, a 
teacher who was born and raised in Patzcuaro, Michoac~n, 
followed the history. 5 I acquired basic Spanish profi-
ciency, an ability which was invaluable during the field 
work. 
Of the various pottery centers of Michoac~n, Tzin-
tzuntzan was particularly suited for field work for two 
reasons. First, this village has had a monthly production 
of twenty to thirty thousand pieces. This volume has placed 
it with the towns of Capula and Patamban in the highest 
6 
category. In 1969, one half of the families in the village 
4 Sons of the Shaking Earth, and The Political Evolu-
tion of the Mexican Peole. 
5 Terrence Hansen and Ernest Wilkins, Espanol a lo 
Vivo. 
6 Inventario de la Ofreta Turistica en Michoacan: 
1974-80. 
7 
of 2250 persons was directly involved in pottery making. 7 
Some researchers of this village maintained contact 
with informants while dwelling apart from them. This sep-
aration, however, did not help these researchers to avoid 
an inherent problem with field work. "The art of establish-
ing friendship with a person also identifies the outsider 
with his group or faction, and by implication he assumes 
the villagers' hostility to rival groups and factions." 8 
I lived in the community with a local family (a homestay 
experience), yet this situation caused no problems but 
instead aided my research. 
A brief description of the host father, Prof. Luis 
Dominguez, is helpful to understand the homestay's impor-
tance to the field work. He was 32 years old and had a 
wive (25?) and two children (5 and 2?). He taught English 
in the secondary school and instructed Spanish in the pri-
mary grades. He received a regular salary, and he was 
able to finance a recently constructed house, gas stove, 
dining room furniture, television set, car, and other items. 
He was the oldest of 12 living children, and in comparison 
to them, he owned the most goods. He had the equivalent 
of 13 years of education and was a respected community 
7John W. Durston, Social Organization of the Peasant 
Markets in Central Mexico, p. 126. 
8 d' · 1 c 1 d h George M. Foster, Tra itiona u tures an t e 
Impact of Technological Change, p. 102. 
8 
9 
figure. Through the homestay, I met his family and relatives, 
some of whom were potters. From my teaching role with him, 
I also gained credibility with other informants who lived 
in the village. 
During two trips to the region, I contacted 22 infor-
mants including fifteen potters. One potter was a retired 
ceramics professor, Mrs. Margarita Barthelemy. The other 
fourteen were indigenous craftspersons, six of whom were 
related to the host father. The other seven informants who 
were not potters included: the host father; the director 
of the cross-cultural program, Dra. Carolina E. de Mujica; 
a retired anthropologist from University of California at 
Berkeley, Dr. George M. Foster; and the director of the Museo 
de Artes Populares in Patzcuaro, Sra. M. Teresa Luft. 
I gathered information in the field through inter-
views with the informants. These interviews usually took 
place in their homes in a friendly atmosphere. This situa-
tion often involved conversations and activities unrelated 
to pottery making. I reciprocated the hospitality by giv-
ing house gifts to the host family and informants. Dur-
ing the interview, I jotted down brief answers to ques~ions. 
Later in private, the events and notes were recorded in a 
permanent field notebook. Some key data obtained through 
these interviews included some local opinions on the tox-
icity of lead release, a folk tradition related to pottery 
use, confirmation or clarification of the literature, in-
formation about the glazing and firing process and recent 
10 
developments in local technology and marketing. 
As a Chemist 
The chemist's work in this project was to analyze the 
pottery for lead release. I analyzed the pots in the labora-
tories of the University of Redlands. Literature from the 
Am. Ceramic Society Bulletin and the World Health Organiza-
tion provided a basis for analysis of vessels and interpre-
tations of the results. 
The first step was to decide what analytical instru-
mentation would best determine the amounts of lead released 
(i.e. parts per million) . The Food and Drug Administration 
(FDA) recommends that atomic absorption spectroscopy be used. 
I used this quantitative technique, but only after I com-
pared it to another method, polarography. (See Appendix 
E. ) The criteria of comparison were reliability, sensitivity, 
accuracy, and ease of operation. After five complete trials 
with 4 standard solutions of lead in acetic acid and a blank 
acid solution (40, 30, 20, 10, 0.0 ppm), the results showed 
that the two methods were the same on the first three points. 
The final factor of convenience dictated the use of atomic 
absorption spectroscopy. 
The next step was leaching the vessels with the FDA's 
acetic acid test. The procedure takes into account several 
variables such as washing conditions, filling capacity, stir-
ring during the time of contact, and temperature and time 
11 
f . 9 o reaction. The FDA's procedure, LIB 834, specifies all 
these variables. 1° First, the pot is washed with detergent, 
rinsed in deionized water, and dried. Second, the pot is 
filled to within ~ inch of its rim with 4% acetic acid, and 
it is covered with plastic wrap. Third, the acid solution 
reacts unagitated with glaze for 24 hours at room tempera-
ture (22 ± 2° C) . Fourth, at the end of this period, the 
solution is stirred and a sample collected in a labeled poly-
ethylene bottle for storage until the lead concentration 
is measured. 11 
The last step was the determination by atomic absorption 
spectroscopy. The standard solutions were run each time 
along with the unknown solutions, so that a calibration was 
made. Some unknowns had to be diluted one to a hundred in 
order to measure the lead concentration. I used a computer 
9For a thorough discussion of these factors, refer 
to Anthony J. Laurs, "Review of European Test Methods for 
Measuring Lead and Cadmium Release," Proceedings of the 
International Conference on Ceramic Foodware Safety, p. 30 . 
lOThe procedure is detailed in two sources: Facts 
About Lead Glazes for Art Potters and Hobbyists, p. 11; and 
Byron W. Merwin, "The Ceramic Dinnerware Surveillance Prog-
ram," Am. Ceramic Society Bulletin, 50:11, pp. 915-917, 
Nov. 1971. 
11This storage technique was added. "Standards and 
samples should be stored only in polyethylene bottles be-
cause some metals absorb onto glass surfaces." Robert L. 
Pecsok, et. al., Modern Methods of Chemical Analysis, 
p. 260. 
12 
program to find the equation that best approximated the cali-
bration curve. Then a second program employed the results 
of the first to calculate the lead concentration of the un-
known solutions from the raw data. 
CHAPTER II 
LEAD GLAZES 
The source of the problem is the use of traditional 
lead glazes. Few potters in Mexico know of any other way 
to glaze pottery, so most continue to follow the tradition 
which works. Why is lead so important? Why is it part of 
traditional pottery making in Mexico? This chapter will 
answer these questions and begin to investigate the source 
of the problem of lead release. 
Function of Lead in a Glaze 
A glaze makes pottery impermeable to liquids. A hard 
vitreous coating of fused silica (Sio 2 ) and alumina (Al 2o 3 ) 
composes a glaze. 1 Both of these oxides have high melting 
points, 1710° and 2045° C. respectively. These oxides alone, 
however, will not adhere well to the clay body. A flux is 
required to lower the fusion point and to bind the glaze 
to the clay. 
Lead oxide (or lead sulfide) is an excellent flux for 
the relatively low temperatures between 790° and 1120° C. 
2 (cone 016 and 02). • Other common fluxes exist for this 
low range such as alkalis, i.e., sodium and potassium, 
1Glenn C. Nelson, Ceramics: A Potter's Handbook, 
p. 205. The chemical formula for clay (pure kaolin) is 
Al 2o3 ·2Si02 ·2H20. 
2Ibid., p. 208. This range suits earthenware clay 
which is fired up to 1093° c. 
13 
Table 2 . Physical and Chemical Data on Selected Lead Compounds .* 
Name Common Name Formula Val- NI . W. M~l· Solubility 
ency g/mole c in cold water in acids 
Lead 
--
Pb 0 207.2 J28 insoluble HNOJ; tt2so4 
carbonate white lead 2PbCOJ · +2 775,6 400d insoluble HNOJ 
basic Pb (OH )2 
oxides 
di- plattnerite Pb02 +4 239.2 290d insoluble HCl; ace tic 
mono- litharge PbO +2 223.2 888 0; 01 7 HN03 ; alkali 
re d mini um Pb 3o4 +2. 7 685.6 500d insoluble HCl; acetic 
se squ i -
--
Pb2o3 +J 462.4 J70d insoluble d in acid 
sulfide galena PbS +2 239,3 1114 0.00086 any acid 
*Adapted from Weast, R. C. ed., Handbook of Chemistry and Physics, 55th Ed., 1974 
d=decomposes 
I-' 
""' 
but these oxides are highly soluble in water and do not form 
suspensions unless fritted with silica. Lead compounds in 
contrast are insoluble, and they make a fine suspension, 
which is easily applied to the clay body. Rhodes states, 
"Lead and silica alone will give a fairly good glaze; simi-
lar to that which is used on low-fired Mexican pottery. 113 
Lead sulfide dusted on to damp pots forms an impermeable 
4 glaze, also. 
In addition to these two important features of low 
melting point and ease of application, lead glazes have sev-
eral other superior features. They have a wide softening 
range which makes firing nearly foolproof, and the melt has 
a low surf ace tension which heals over drying cracks in the 
clay body. The fired glaze has a high index of refraction 
which adds brilliance, and other coloring oxides are not 
tinted by the lead. Finally, by using lead as a flux, de-
vitrification and crazing are reduced. "In the final analy-
15 
sis, there is no element that will, by itself, or in combina-
tion, import all of the desirable properties to a glaze that 
lead will. 115 
3
oaniel Rhodes, Clays and Glazes for the Potter, 
p. 66. 
4Ibid., p. 58. 
5Facts about Lead Glazes for Art Potters and Hobby-
ists, cover. 
A Brief History of Lead Glazes 
Lead glazes have been used for centuries in the Middle 
East and Europe. Although the first precursor to glazes 
was leadless (developed by the Egyptians in 3000 B.C.E.), 
some problems existed with using alkali fluxes. 6 To begin 
with, the application was unpredictable because natural sod-
ium salts were mixed in with the clay body, and upon drying 
a salt deposit formed on the surface. It could be fired 
at a low temperature and a "paste" glaze, or "faience," re-
sulted. This finish, however, tended to craze and peel. 
Then in ancient Syria or Babylonia, the technique of dusting 
galena, lead sulfide, was invented. This method was applic-
able to soda glazes also, but lead sulfide produced a more 
durable finish. The Greeks compounded lead glazes, and the 
16 
practice was popular in first and second century B.C.E. Roman 
culture. 7 
The use of lead glazes spread to the farthest reaches 
of the Roman Empire. In England, medieval and monastic pot-
ters employed the galena dust method. 8 Even today, Cardew 
indicates that galena is used for glazing domestic oven-
ware in many parts of Europe. 9 Leach in his discussion 
6 Rhodes, Op. cit., p. 57, and see also Nelson, 
Op • cit . , p . 4 . 
7Michael Klein et. al., "Earthenware Containers as 
a Source of Fatal Lead Poisoning," New England Journal of 
Medicine, 283:13 p. 670, September 24, 1970. 
8 Bernard Leach, A Potter's Book, p. 144. 
9Michael Cardew, Pioneer Pottery, p. 78. 
of English lead glazed slipware observes, "Glaze, body, and 
treatment are quite similar, and if the kindred Spanish, 
Italian, French, German, Pennsylvania Dutch, and Central 
European slipwares are taken into consideration, it becomes 
evident that this pottery tradition must have spread through 
Europe from various centers in the Near East. 1110 The Moors 
17 
in Spain developed the famous Majolica, a lead and tin glaze, 
between 732 and 1450 C.E. 11 This Spanish tradition, which 
was present before colonization of the New World, substan-
tiates Foster's claim that lead glazes were introduced by 
the Spanish friars into the indigenous pottery production 
of pre-Columbian Mexico. 12 
Potters in pre-Hispanic cultures of Mexico and Guate-
mala, however, were producing and widely trading lead glazed 
earthenware possibly as early as 800 C.E. Mesa-American archae-
ologists term this pottery "plurnbate ware, " (Plurnburn is 
the Latin root for lead.) Plumbate ware is the only truly 
glazed pottery in pre-Hispanic America. The vessels were 
10 Leach, Op. cit., p. 32. 
11Nelson, Op. cit., p. 27. Another Eastern source 
of ceramic influence, China, introduced high temperature 
porcelain technology in the 16th century, and thus new lead-
less glazes were developed throughout Europe. See C. W. 
Parmelee, Ceramic Glazes, p. 3. 
12 George M. Foster, Empire's Children: People of 
Tzintzuntzan, p. 93. 
18 
fashioned and fired by Mayans in Guatemala, who dusted on 
galena. The Toltecs (800 to 1200 C.E. ) traded the ware through-
out the various empires of the period. 13 Recently, some 
plumbate ware was uncovered near the Toltec city of Tula, 
which is located north of Mexico City. Three of the five 
vessels were mug-size ollas, and they were hypothesized to 
be drinking goblets used daily by the ancient urban dwellers. 14 
Plumbate ware is a good indicator of the Early Post-Classic 
period. 15 Possibly invading cultures may have destroyed 
the stability of the local industry and the process was lost. 
Fritted Lead Glazes 
In contrast to the use of raw lead compounds in past 
traditions, fritted lead has been developed from a scien-
t . f. h . 16 i ic approac to ceramics. To frit lead, its oxide is 
melted and mixed with molten silica. The cooled glass is 
13Richard A. Diehl, et. al., "Toltec Trade with Cen-
tral America: New Light and Evidence," Archaeology, 27, 
p. 182, July 1974. 
14These vessels are currently on display in the Museo 
Nacional de Antropologia. They show the characteristic ef-
fects of aging with lusterous and gray-green iridescent sur-
faces caused by crystalization. See Cardew, Op. cit., p. 
128, and Rhodes , Op. cit., p. 32. 
15 1 . 11 d b k. . d F orencia Mu er an Bar ara Hop ins, A Gui e to 
Mexican Ceramics, p. 12. 
1611Transactions of the American Ceramic Society," Vol. 
IV, pp. 201-207, 1902. Abstract from J. H. Koenig and W. 
H. Earhart, Eds., Literature Abstracts of Ceramic Glazes 
(1899 - 1950), p. 158. 
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ground to a fine powder for application in a water suspen-
sion. There are two corrunon lead silicate frits which have 
different fusion points depending on their composition. Lead 
monosilicate (PbO 84% and Sio2 16% by weight) melts at 730° 
C; whereas lead bisilicate (PbO, 65%; Sio2 , 33%; and Al 2o 3 , 
2%) fuses around 900° c. 17 
The process of fritting, however, has a definite cost 
disadvantage as opposed to using raw lead compounds. First, 
fritting requires a furnace and grinder, which use valuable 
energy. Second, more skill and time are needed to operate 
the equipment. For industrialized cultures where frits have 
developed, these costs can be easily overcome, but for agri-
culturally oriented people, these investments could be over-
whelming. Therefore, the practice of using raw lead oxides 
or sulfides has continued on in developing nations such as 
Mexico. 
17 Nelson, Op. cit., p. 228. 
CHAPTER III 
LEAD RELEASE AND POISONING 
The previous chapter introduced fritted lead, which 
was developed to make lead safer to handle. Knowledge of 
chemical principles was applied to compound frits, which 
have some resistance to extraction by stomach acid (2% hydro-
chloric acid). Before this innovation, ceramists accepted 
the traditional unsanitary conditions, and they often suf-
fered from lead poisoning or "plumbism." The potters were 
aware of the hazard, yet they were powerless to avoid raw 
lead glazes until frits were engineered. 
This innovation calls attention to the important prob-
lems of using lead glazes. Acids can extract lead not only 
1 from frits, but from mature glazes, too. Also, such lead 
poisoning can cause chronic disease and eventually death. 
Therefore, in this chapter these more complicated problems 
will be discussed. 
Factors Which Determine Lead Release 
A number of factors ' determine the amount of lead re-
leased into solution. These variables include the following: 
... the ratio of lead oxide to silica in the 
formulation of the frit, the presence of pig-
ments and other constituents in the frit, the 
temperature at which the glaze is fired, the 
acidity and temperature of the food or beverage 
stored in the vessel, and the length of time 
111 In general, those frits which show excellent acid 
resistance also show low lead release when used in a glaze." 
R. A. Eppler, "Formulation and Processing of Ceramic Glazes 
for Low Lead Release," Proceedings of the International 
Conference on Ceramic Foodware Safety (1974), p. 75. 
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the acidic food or beverage remains in contact 
with the improperly glazed vessel.2 
To this list a few more variables can be added such as the 
thickness of the glaze, its texture or effective surface 
area, and the atmosphere of the kiln. These factors can 
be separated into production or usage factors. 
The first set of factors include formulation, appli-
cation, and firing variables. Precise formulation of lead 
glazes was introduced in connection with lead frits. In 
general, the mole ratio of lead oxide to silica decreases, 
the amount of lead release decreases linearly. A threshold 
exists at 0.7 below which no lead is released. "Another 
way of saying the same thing is that the threshold is where 
the ratio of the number of nonbridging oxygens to the num-
3 ber of glass-forming cations is equal to 1.4." Lead and 
other ions are released by diffusion through the glass net-
work by chains of free or "nonbridging" oxygen atoms. 
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In consideration of this mechanism, the effect of modi-
fying cations can be discussed. For the monovalent alkali 
earths (i.e. lithium, sodium, and potassium), lead release 
increases with an increase in ionic radii. 4 A mixture of 
all three, however, gives the lowest release. For the 
2 Lead: Airborne Lead in Perspective, pp. 78, 79. 
3Richard L. Lehman, et. al., "Mechanism of Modifier 
Release from Lead-containing Glasses in Acid Solution," 
Am. Ceramic Society Bulletin, 57:9, p. 803, Sept. 1978. 
4R. L. Lehman, "Stabilization of Surface Layers of 
Lead Containing Glasses and Glazes," Proceedings of the Inter-
national Conference on Ceramic Foodware Safety (1974), p. 47. 
divalent alkaline earths (magnesium, calcium, and stron-
tium), the same trend is displayed. Trivalent aluminum (in 
Al 2o3 ) increases a glaze's resistance to acid, whereas a 
low temperature flux, borate (B 2o3 ), decreases the resis-
tance. Of the common coloring oxides such as iron, cobalt, 
cadmium (which is more toxic than lead), chromium, manga-
nese, copper, and nickel, small percentages of copper and 
chromium increase the lead release by 50 to 300%. 5 Another 
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source reports that 2% copper oxide addition produces a three 
fold increase in lead release. "This confirms previous know-
ledge which led to the abandonment of low temperature cop-
per green glazes many years ago. 116 
The other production factors are related to mechani-
cal properties. First of all, a linear dependency exists 
between the thickness of a glaze and the amount of lead re-
leased. A thinner application fuses with the silica and 
alumina of the clay body, which changes the glaze's composi-
tion, so the lead cations are bound tighter. Second, the 
texture of the glaze surface or the clay body to which it 
conforms also affects the release. "When the surf ace is 
continuous and smooth, lead solubility is decreased. Broken 
5Pier L. Buldini, "Influence of Coloring Oxides on 
Heavy Metals' Release from Ceramic Glazes," Am. Ceramic 
Society Bulletin, 56:11, p. 1012, Nov. 1977. 
6Lehman, Op. cit., 1974, p. 47. See also "Practical 
Investigation of Solubility of Lead from Whiteware," Ceramic 
Industry, 32:3, p. 40, 1939. Abstract from J. H. Koenig 
and W. H. Earhart, Eds., Literature Abstracts of Ceramic 
Glazes (1899 - 1950), p. 189. 
and rough surface will increase the solubility." 7 This hap-
pens because more surf ace area is exposed to the acid when 
the glaze has cracks or jagged contours (crazing). Third, 
under the assumption that lead volatilizes between 1050 and 
1100° C, the thermal history of a glaze determines the lead 
release from the final product. "The conclusion from ... var-
ious studies is that while firing time and temperature are 
not major parameters, glazes should nevertheless be fired 
to the temperature for which they are designed. 11 8 
Of the usage factors, the acidity of the solution is 
the major factor. Research has been conducted on 11 common 
beverages and solutions. The six most acidic in order of 
lowest pH to highest (most to least acidic ) are: 10% citric 
acid, 5% acetic acid, cola, Tang solution, apple juice, and 
orange juice. All of these common food acids have pH values 
less than 4. 00 . "The study has shown the lead release from 
glazes is increased with lower pH values (higher acidity) 
of the beverages, longer reacting time and higher reacting 
23 
7
ousan Djuric, "Analytical and Medical Aspects of Lead 
Exposure Due to Lead Glaze Pottery," Proceedings ... , p. 41. 
The glazes on pottery often show mosaic patterns of minute 
cracks through which liquid can penetrate. Djuric also states 
that a decrease in particle size of the raw compound gives 
rise to an increase in the release. 
8Eppler, Op. cit., p. 79. 
9 temperature." So to add to the theory given above, 
" •.• the lead release mechanism consists of 
diffusion of hydrogen ions into the glass [or 
glaze] and the subsequent replacement of the 
more loosely held ions by the hydrogen ion. 
This reaction forms an OH [hydroxyD group at 
the site of the replaced ion and yields th0 re-leased glass modifier ion into solution."l 
Acetic acid has been the preferred agent in many standard-
ized tests. It is the active ingredient of vinegar (4-5% 
acetic acid} which is derived from apple juice. Lead oxide 
is not specifically soluble in this acid (refer to Table 
2, last column, page 14}, but two other lead oxides are sus-
ceptible. This suggests that in the mature glaze these val-
encies of lead predominate. 
Awareness of the Source 
The National Academy of Sciences has recently pointed 
out the connection between lead release and food habits. 
Acidic foods and beverages -- including tomatoes, 
tomato juice, most fruits and fruit juices, cola 
drinks, .•. wine and cider, and pickles and rel-
ishes stored in vinegar or· cider -- can diEsolve 
the lead in improperlt lead-glazed earthenware 
(pottery ) containers. 1 
Other cultures from the past either have recognized this 
cause and effect relationship, or they have suffered the 
consequences. "The Greeks knew about the danger, but the 
Romans did not; they made the mistake of storing wine in 
9
soo Choon Yoon et. al., "Lead Release from Glazes 
and Glasses in Contact with Acid Solutions," Am. Ceramic 
Society Bulletin, 55:5, p. 510, May 1976. 
lOLehman, Op. cit., 1974, p. 54. 
11Lead: Airborne Lead in Perspective, p. 78. 
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12 
earthenware." Lead poisoning among European potters and 
from lead glazed pottery was detailed in the 1700's by 
Rarnazzini and others, but their warnings were generally un-
13 heeded. Thus, awareness of lead poisoning from earthen-
ware by some historical cultures has been incomplete. 
Beginning in 1960 and extending over a decade, several 
25 
cases of poisoning from this source occurred in North America. 
The first cases were noted by the ceramic industry and medi-
cal profession, but the general public was left in ignorance. 14 
12J. Julian Chisolm, "Lead Poisoning," Scientific 
American, 224:2, p. 21, Feb. 1971. 
13 
. . 0 . t 42 DJuric, p. ci ., p. . 
14The first case in 1960 occurred in Cincinnati, Ohio, 
from low-fired dinnerware. It received much local publicity 
and even spurred the ceramics industry in the Ohio Valley 
to begin surveillance procedures, yet the nation in general 
remained unaware. See J. S. Nordyke, "Lead in Glazes, Arn. 
Ceramic Society Bulletin, 50:11, p. 913, Nov. 1971. Another 
case that escaped the public's attention happened in Buffalo, 
New York, in 1967. The doctors, however, were concerned 
for the growing number of hobbyists, who as in this instance 
inadvertently poison themselves and others. See Robert W. 
Harris and William R. Elsea, "Ceramic Glaze as a Source of 
Lead Poisoning," Journal of the Am. Medical Association, 
202:6, p. 208, Nov. 6, 1967. Attempts to warn hobbyists 
have been made by Ceramics Monthly in 1971 for instance. 
See Edgar Littlefield, "Are Lead Glazes Dangerous?" 
Ceramics Monthly, 19:1, p. 25, January 1971, reprinted 
from 1954. 
J 
Then through some popular periodicals, concerned individ-
uals widely publicized the danger of storing fruit juices 
in fashionable earthenware. 15 One fatality did occur before 
this goal was achieved in 197 0 , yet the publicity forced 
the Food and Drug Administration and professional pottery 
manufacturers to act officially in 1971. 16 Besides alerting 
the public, the FDA had already begun to monitor imports 
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in 1970, and it had rejected 400 offerings and recalled batches 
from retailers. 17 Since this action, no new cases have been 
reported. 
15A dramatic case in 1966 of a young doctor and his 
family, who consumed fruit juice stored in a lead glazed 
pitcher was written up in Good Housekeeping. See Jean L. 
Block, "The Accident that Saved Five Lives," Good House-
keeping, pp. 60+, Nov. 1969; J. L. Block, My Family is Dying, " 
Reader's Digest, 96:576, pp. 171+, April, 1970. The doctor 
shared his concern that others be alerted to this source 
of poisoning from imported pottery, yet a second similar 
case in Montreal, Canada, resulted in a two-year-old's death 
in 1970. Micheal Klein et. al., "Earthenware Containers 
as a Source of Fatal Lead Poisoning," New England Journal 
of Medicine, 283:13, pp. 669-672, Sept. 24, 1970; "Earthen-
ware Pitcher Hazard," Science News, 98:15, p. 301, Oct. 
1970; "Poisoned Pottery, 11 Time, p. 68, Oct. 12, 1970. 
16For the details of this action see B. W. Merwin, 
"A Review of U.S. Standards on Test Methods for Lead and 
Cadmium Release," Proceedings ... , pp. 36-40. See also 
"Consumers and the Earthenware Problem," Science News, 
98:11, p. 382, Nov. 1970. 
17
see B. Krints and R. K. Hering, "Toxic Metals in 
Earthenware," FDA Papers, 5:4, pp. 21-24, April 1971, and 
"Dangerous Pottery Removed from Market," Consumer Reports, 
36:5, p. 302, May 1971. 
The international community has been the stage for 
the latest and farthest reaching action on the problem. Two 
international conferences on Ceramic Foodware Safety (CFS ) 
have been convened under the auspices of the World Health 
Organization (WHO) . 18 The first was held November 12-14, 
1974, and was attended by 127 delegates from over 25 nations 
of Europe and North America, representing industry, govern-
ment, and universities. The second (on which no officially 
published information exists to date ) met June 8-10, 1976. 
The initial conference purposed to clarify international 
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standards, to increase trade, and to further scientific under-
standing of lead and cadmium release. The second meeting 
strove" ..• to review and recommend technical procedures 
for sampling, extraction, and analysis of lead and cadmium 
released from ceramic foodware; and establish limits of ex-
tracted lead and cadmium to protect the health of the con-
surner. 11 19 
18 u . . . d h t d . Rutgers niversity organize t e even an it was 
funded in part by a grant from International Lead Zinc Research 
Organization, Inc. (ILZRO). These two institutions have 
been responsible for much of the current research and public 
education on lead glazes. See "International Conference 
Adopts Resolutions on Foodware Safety," Glass Industry, 56:2, 
p. 10, Feb. 1975. 
1911 Lead and Cadmium Release," Ceramics Monthly, 25:12, 
p. 71, Dec. 1977. (This article gives abstracts from the 
second CFS conference.) 
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Some of the salient points of discussion at the first 
CFS conference were: correlation of tests to food acids under 
actual conditions, trade regulations, mechanism of lead re-
lease, and influencing factors. At the close of the week-
end, several important resolutions were agreed upon as re-
quiring further investigation. These included: uniformity 
in testing procedures and limits, accurate assessment of 
risk from laboratory analysis, contribution of the ceramic 
source to overall weekly intake, worldwide education for 
industry, cottage industry, and hobbyists (to be implemented 
by WHO) . 
The second conference progressed towards these same 
goals. It classified vessels according to size, and formed 
the categories of dinnerware and cookware used for the serv-
ing, cooking, or storage of food and beverages. The other 
goals, however, still need to be pursued. "In spite of the 
increased knowledge and awareness in this area, there re-
mains an imperative need for education, surveillance, and 
regulatory enforcement on a world-wide basis." 20 The dele-
gates could only offer recommendations for control of com-
rnercial manufacturers and dealers. Beyond this group, the 
report laments, 
These measures would not, however, in themselves 
effectively control the hazard in certain other 
areas such as pottery as a hobby and "cottage 
industry." In these areas, the problem is more 
20ibid. 
serious where raw lead or cadmium compounds are 
used in glazing (as opposed to fritted materials ) 
or when low temperatures are used, and the haz-
ard is particularly serious when such ceramics 
are used for cooking or for storage of acidic bev-
erages, such as wine or fruit juices.21 
Significance of the Source 
The World Health Organization has realized that these 
recommendations must be viewed relative to the amounts con-
tributed by other sources of lead poisoning. The recent 
WHO publication, Environmental Health Criteria 3: Lead, 
identifies these other sources of exposure. These include 
occupational contact (smelting and refining, alkyllead syn-
thesis, and production of lead batteries), lead in ambient 
air (from combusting tetramethyllead in gasoline ) , water 
(soft water in lead pipes), food (processing and canning), 
smoking tobacco, illicitly distilled whiskey, and pica (in-
29 
fants and toddlers eating dust, dirt, and paint chips especi-
ally in urban slums, where many houses have lead base paints ) . 22 
The report makes a relative evaluation of these sources of 
lead poisoning. Food is the major one, and airborne and 
dissolved lead (as in water) are minor yet in some cases 
. . f. 23 s1gn1 icant. Occupational exposure is more serious but 
21 
"Lead and Cadmium Release, " Ceramics Monthly, 25:12, 
p. 71, Dec. 1977. 
22This last source has been recently publicized and 
many new research efforts are focusing on this problem as 
children are especially sensitive to lead ingestion. See 
for instance "Lead Exposure: Weighing Down IQ," Science News, 
115:4, p. 230, April 7, 1979. 
23Airborne lead even in industrial cities was decided 
to be a minor source to the daily lead intake. This seems 
contrary to much of the speculation on the issue when res~arch 
efforts were first initiated. See Environmental Health 
Criteria 3: Lead, p. 125. 
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affects fewer people. 
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For this paper, the conclusion reached about lead glazed 
pottery is of interest. "Improperly glazed pottery and il-
licit whisky have been cited as potential sources of exces-
sive lead exposure for members of the general population. 1125 
A similar evaluation was given by CFS in 1976; " ... acute 
intoxication due to the absorption of lead and cadmium from 
ceramics does not constitute a widely spread world health 
problem. However, lower level, chronic exposure to lead 
26 
and cadmium, may constitute a more general health hazard." 
Thus, the problem is regarded as a broad potential hazard, 
yet it has not been pinpointed as really occurring in any 
particular culture. 
Degrees of Lead Poisoning 
General degrees of lead poisoning can be established 
from two documented case histories. The first person ingested 
3.2 milligrams (mg) per day for 2 years as he habitually 
drank chilled cola from a mug. This level proved to be non-
27 fatal, but the patient suffered from acute symptoms. The 
second case, however, resulted in a fatality because apple 
juice stored in a pitcher for three hours leached out 157 
mg of lead per liter (157 ppm). The young subject had been 
24A smelter in El Paso, Texas, however, did poison 
many nearby Mexican families in 1972. See Time, 99, p. 71, 
March 27, 1972. 
25Environmental Health Criteria 3: Lead, p. 126. 
2611 Lead and Cadmium Release," p. 71. 
27 s · d i o · t ee Harris an E sea, p. ci • 
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. i't f 1 f k 28 consuming or on y our wee s. These cases are nearly 
incomparable because of the vast differences in amount, dura-
tion, and body weight, but they do show the extremes of lead 
poisoning from lead glazed earthenware. 
For poisoning from lead glazed earthenware, the symp-
toms generally vary between gastro-intestinal (abdominal) 
and encephalopathic (cerebral) • The deciding factor is the 
lipid solubility of the lead compound ingested. Experience 
from industry has shown that on one hand, inorganic lead 
has low solubility and so produces gastro-intestinal symp-
toms. On the other hand, organic lead such as tetraethyl-
lead penetrates the central nervous system because it has 
higher lipid solubility. 
These symptoms suggest that the type of poisoning 
depends on the beverage or food content, stored in 
the pottery. The content of various organic acids 
(citric, lactic, tartaric, oxalic) will produce great 
solubility of lead and formation of various salts and 
chelates. If the produced lead compounds are not 
lipidosoluble, the symptoms of poisoning with in-
organic compounds will predominate .•. This is very 
important to keep in mind when suspicious cases of 
poisoning will be brought from rural areas in var-
ious parts of the world.29 
The author, however, gives no indication of which organic 
compounds are lipid soluble. The National Academy of Sciences' 
report gives a similar caution. "The early symptoms of 
28
see Klein et. al., Op. cit. 
the victim was treated and cured by 
ing agent, EDTA, which is still the 
ment. 
29 . . . DJuric, Op. cit. 
An older brother of 
using an internal chelat-
standard drug for treat-
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1 d . . b 1 b. . d . f. 1130 ea poisoning are su t e, su Jective, an nonspeci ic ... 
In many cases, the symptoms abate when extreme exposure and 
intake stop. 
Most of the lead ingested, however, cannot harm the 
body. Accumulation of lead from "normal environmental ex-
posure" increases in dense bone matter until the age of forty, 
and then output equals input. The lead concentration in 
the blood also remains at a constant level after 40. The 
lead in skeletal bone is rendered biologically inactive, 
and it accounts for 90-95% of the lead in the body. From 
this, the report concludes, "Accumulation of lead in the 
body is not necessarily paralleled by an increase in haz-
d .. 31 ar . 
But the question arises as to what the National Acad-
emy of Sciences defines as "normal environmental exposure. " 
Typical levels of lead intake today in the United States 
are much higher than levels of past centuries. 32 The major 
source of intake is dietary, which includes 20 micrograms 
(µg) daily from water in addition to 300 µg in food. Only 
5 to 10% of this amount can be absorbed by the gastro-intes-
tinal tract, so about 30 µg enter blood daily. 33 The kidneys 
30 d . b d . p t' 85 Lea : Air orne Lea in erspec ive, p. . 
31 b'd ~., p. 68. 
32 Dorothy M. Settle and Clair C. Patterson, "Lead in 
Albacore: Guide to Lead Pollution in Americans," Science, 
207: 4436, p. 1174, March 14, 1980. 
33
· d . b d . p t. 6 9 Lea : Air orne Lea in erspec ive, p. . 
excrete lead, and so the level in blood is kept below the 
hazardous threshold of 40 µg per 10 0 ml. 34 The CFS reports 
that in the United States the intake from diet is 100 to 
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200 µg per day. 35 The upper limit of safety is 300 µg. "The 
Joint FAO/WHO Expert Committee recommended in 1972 a Provi-
sional Tolerable Weekly Intake of lead of 3 mg per person 
equivalent to 0.05 mg/kg body weight. This level does not 
apply to infants and children. 1136 
Limits of Lead Release 
Given these levels of toxicity, the allowable limits 
for lead release from earthenware can be discussed. In 19 70 , 
the FDA set the limit at less than 7.0 parts per million 
( /1) . 1 3 7 ppm or mg per artic e. A paper presented at the CFS 
34Above this level the lead interferes with the heme 
group. See Lead: Airborne Lead in Perspective, p. 158. 
35
see Lloyd B. Tepper, "Biological Effects of Lead 
and Cadmium Absorption," Proceedings •.• , p. 12. 
3611Lead and Cadmium Release, " Op. cit., p. 75. 
37 
. d . 0 . h' f' See Krintz an Hering, p. cit. T is igure was 
decided upon independently by both the United States Potter's 
Association (U.S.P.A.) and the FDA. It is interesting that 
" ... the tolerance of lead residue on apples, pears, peaches 
and some other types of fruit, in the form of lead arsenate 
is 7 ppm of the total weight." See J. S. Nodryke et. al., 
"Lead in Glazes, 11 Am. Ceramic Society Bulletin, 50:11, p. 
914, Nov. 1971. The test procedure itself used by the FDA 
titled Laboratory Information Bulletin 834 (LIB 834) was 
" •.. originally used to check lead leached from pewter and 
adapted for use with ceramic glazes." Merwin, "Review of 
U.S. Standards on Test Methods for Lead and Cadmium Release, 11 
Proceedings ... , p. 38. 
34 
meeting compared the limits of lead release from other na·-
tions,and the consensus was 1 to 2 ppm lower. With this 
limit, however, a person would only have to consume 2 to 
3 ounces of a 7.0 ppm solution to reach the total daily in-
take level! 
This limit's correlation to actual risk has been criti-
cized by some. Chisolm queries, "The maximum permissible 
amount should probably be reevaluated, since past methods 
of testing have not taken account of such variables as the 
quantity of the food or beverage consumed, its acidity, the 
length of time it is stored and whether or not it is cooked 
in the pottery." 38 The 1974 CFS conference also addressed 
itself to this issue. "The use of 4% acetic acid for 24 h. 
is a completely arbitrary procedure. There is no certainty 
about the relationship between the concentration of lead 
in the test solution and the likely concentration in fooa. 039 
Tests using various fruit products showed that most of the 
foods extracted 100 to 30 times less lead than the analytical 
test. Furthermore, the acetic acid test was much harsher 
on a plate than a year's daily usage. An agreed upon thres-
hold, however, does seem to exist. "It would be generally 
accepted by all concerned that ware yielding 100 mg/l 
38
chisolm, Op. cit. 
39A. Dinsdale, "Heavy Metal Release from Ceramic Food-
ware," Proceedings ... , p. 22. 
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would be potentially hazardous." 40 Therefore, the paper 
suggests that a value in the range of 20 to 80 ppm is more 
realistic when the severity of the standard test is regarded. 
Insidious Poisoning 
The assumption can be made that a piece, which yields 
7.0 ppm from standard analysis, would release subtoxic amounts 
under actual conditions. This opens the door to discussion 
of the serious effects from prolonged low-level exposure. 
The lead affects the central nervous system to produce be-
havioral manifestations such as "severe headaches, depression, 
. . d . . b · 1 · 1141 insomnia, an irrita i ity. Other aspects of subtoxic 
ingestion can be understood by considering non-acute cases 
of industrial poisoning. To begin with, the WHO report states , 
"Experience in industry does not suggest that, with continu-
ous lead exposure, the human body becomes less reactive to 
1 d .. 42 ea . The worker with insidious poisoning has the appear-
ance of health, but his job performance is impaired. Later 
in life, the person may suffer from chronic disease in the 
kidneys and cerebelum. By recalling that lead can concen-
trate in the bone until the age of 40 (and blood level is 
constant, too), then the body's soft tissue must continue 
40A. Dinsdale, "Heavy Metal Release from Ceramic Food-
ware, " Proceedings ... , p. 24. 
41Lead: Airborne Lead in Perspective, p. 158. 
42Environmental Health Criteria 3: Lead, p. 123. 
to bear the ever increasing burden of lead as the low-level 
exposure persists. Therefore, prolonged subtoxic ingestion 
of lead does not give the body greater tolerance, but in-
stead promotes the gradual decline of physical health. 
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CHAPTER IV 
PRODUCTION OF MEXICAN FOLK POTTERY 
The preceding chapter expressed that potters engaged 
in "cottage industry" face greater exposure to lead poison-
ing than other occupational groups. "Cottage industry" pre-
cisely describes the basis of pottery production in Mexico. 
With only simple, manual techniques, the tradition of pottery 
making has been carried out at the level of the nuclear fam-
· 1 f . 1 i y or centuries. Even with the introduction of new tech-
nology and designs, the family is still central to produc-
t . 2 ion. 
A fuller description of pottery making in Mexico is 
required to evaluate the risk of lead poisoning. The basic 
skills have been learned by rote from grandparents and par-
ents or by instruction from ceramics engineers. This chapter 
will discuss the traditional techniques and the modern develop-
ments that families use in Mexico. 
1This statement is based on field observations and 
Durston's description of the subdivision of property and 
construction of new kilns as siblings marry. See John W. 
Durston, Social Organization of the Peasant Markets in Central 
Mexico, p. 164. A nuclear family consists of parents and 
their immediate children who share the same residence facili-
ties. An extended family includes the nuclear family and 
grandparents, aunts, uncles, cousins, etc. In Tzintzuntzan, 
extended families live in the same block, and individual 
nuclear families have their living quarters adjacent to one 
another. 
2 ,. In Tonala, Jalisco, the family's shop faces the street, 
and their home is behind that. Finally, their factory occu-
pies the rear portion of their property. 
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Traditional Pottery Making 
The Spanish term for traditional pottery making is 
alfareria. This word will be used to denote the Mexican 
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process, which will be presented and discussed in the follow-
ing section. Other Spanish terms for the potters, materials, 
tools, and products are used for the same reason. (Refer 
to Appendix B for glossary. ) 
Usually, all the family members in Mexico share in 
the labor of this traditional craft. 3 Divisions of labor 
exist as certain steps in alfarer{a involve skills that are 
related cultural ~oles. The alfarero (male potter and hus-
band) generally does the work that requires physical strength 
or special skill. He excavates barro (clay) and cuts lena 
(firewood) with the help of his sons or grandsons. The 
alf arero also takes care of all the details of firing the 
load of pots such as stacking, stoking, judging glaze matur-
ity, and unloading the pottery. The alfarera, his wife, 
performs the tasks that require patience and that can be 
done in the patio of portico of the casa (Spanish style house ) . 
Her jobs include crushing dried barro, wedging (which does 
require strength), forming clay "tortillas," molding pots, 
trimming, and smoothing. She kneels for hours as she works 
3For the history and development of Tzintzuntzan on 
which this information is based, refer to the following works. 
George M. Foster, Empire's Children: People of Tzintzuntzan_; 
Foster, Tzintzuntzan: Mexican Peasants in a Changing World; 
Robert V. Kemper, Migration and Adaptation: Tzintzuntzan 
Peasants in Mexico City, pp. 15-45; Justo Sierra, The Political 
Evolution of the Mexican People, pp. 44, 69, 79, 91; Eric 
Wolf, Sons of the Shaking Earth, pp. 8, 60, 129, 166. 
with the barro in ways very similar to how she does with 
the traditional corn tortilla dough or in the position and 
motions used to wash clothes on a stone slab. The alf arera 
is essential to alfarer{a, for she is the real potter. Of 
the alfareros sixteen years or older in 1945 in Tzintzun-
tzan, fo~ty were men and 193 women. 4 Furthermore, Foster 
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maintains, "Potter wives in many cases probably are the hard-
est workers of any individuals in the village, since this 
work is in addition to their normal female chores." 5 He 
comments elsewhere, however, "Both men and women are potters, 
6 but the best are men." In Tzintzuntzan, £our men are re-
puted to be the finest, yet this author has observed in at 
least two cases that their families help in all stages accord-
ing to traditional roles. 7 
Children not only help with small unskilled tasks but 
also learn the finer points of the craft by imitation and 
instruction. Their teachers are their mothers, grandmothers, 
and/or aunts. As explained above much of the work is simply 
4 Foster, Empire's Children .•. , p. 58. 
5
rbid., p. 151. In eighteenth century New England, 
the cottage industry of pottery making also existed. "Because 
many of the potteries were family businesses, it can be as-
sumed that women were responsible for much of the general 
work, if not the throwing." See Suzanne Amanda, "Early New 
England Potters," Ceramics Monthly, 23:10, p. 48, Oct. 1965. 
6 Foster, "Contemporary Pottery Techniques in Southern 
and Central Mexico," Studies in Middle American Anthropology, 
p. 16. 
7
rt should be mentioned that both men are outstanding 
artists and innovators. 
application of other domestic skills such as washing or tor-
tilla making. This does not exclude the boys, but they tend 
to follow the example set by their fathers by later marry-
ing an 8 alfarera. The young women are taught to produce 
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pottery with traditional characteristic sizes, shapes, color, 
and decoration. This attention given to tradition demon-
strates the ~alues of their culture. "A containing vessel 
is not an expression of the potter's aesthetic, but an utili-
tarian item that will be judged in the marketplace for its 
technical quality and the familiarity of its form and fin-
. h "9 lS • 
The complete procedure and materials involved have 
been detailed by several authors. 10 The process begins by 
obtaining the basic material, the barre. This term is syn-
onymous with the local variety of clay, which is red clay 
8At the present time, however, more and more siblings 
are leaving this trade of their parents to become day lab-
orers, etc. which is more lucrative. Refer to Kemper, QE. 
cit., p. 19. 
9Lewis Krevolin, "Mexican Indian Pottery, A Living 
Tradition," Craft Horizons, 36:10, p. 19, Oct. 1976. As 
more attention, however, is directed towards tourists who 
favor the unique and colorful, these traditional values are 
erroding. Whether this change means inferior pottery or 
not depends on the family and their disposition. The in-
fluence of tourism will be addressed below in greater de-
tail. 
10 Refer to Roger M. Baty ed., Regional Crafts of Mexico, 
Book 1: Pottery Making; Durston, op. cit., 79-93; Hector 
Garcia, Informe sobre la Ceramica de Tzintzuntzan; L'ame-
lioration des methodes de travail dans l'art de la ~era­
mique et la fabrication des briques dans la region de 
Tzintzuntzan; Florencia Muller and Barbara Hopkins, A Guide 
To Mexican Ceramics. 
in a secondary deposit. The alfarero proverbially rises 
at dawn, journeys several kilometers to the outcropping, 
excavates the barro, and loads 3 to 5 sacks of it on his 
burro for the walk home. 11 
Back in the patio area or in the street, the barro 
is spread out in the sunlight to dry. Next, the alfarera 
crushes it on flat stones or concrete pad by rolling a heavy 
stone over it. 12 The dry powder is screened into a bucket 
and then mixed with gray clay in a ratio which ranges from 
2:1 to 1:2 depending on the family and size of pots to be 
made. No temper (grit) is required. The dry mixture is 
heaped into a volcano-shaped basin and water added. The 
wet barro is mixed and kneaded to the right consistency and 
stored in plastic bags until needed. 
The vessels are fashioned on a massive wooden slab 
in a shady corner. The alfarera dusts the surface with dry 
clay and flattens a ball to make a thick "tortilla" by using 
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a stone mano. Then, the piece is formed by draping and press-
ing the tortilla over a mushroom mold or into a half mold, 
11For large scale production, truckloads of barro are 
being used in Capula. Only two men in Tzintzuntzan are known 
to use a truck to transport their barro. 
12Another difference between alf arer{a in Tzintzuntzan 
and in Capula is this use of a wooden mallet to crush the 
dried barre. (Alfareria in Capula is said to have been in-
itiated at the turn of the century by some families who moved 
there from Tzintzuntzan.) 
which is then joined to its complement. (See Figure 1, 
Mexican Pottery Molds, p. 43.) These tools are ancient, 
and the Spanish reportedly added the grip. The vessel is 
then set aside to dry to the degree when handles or rims 
can be attached and the seams and surf ace can be patched 
and smoothed with a piece of pumice or cloth. 13 Colored 
slips are optional and are applied when the pot is "leather-
hard." These mineral oxides, which are commercially sold 
42 
in Guadalajara and Mexico City or are bartered by local traders, 
can be poured over or painted on the pottery. 
The "green ware" is next stacked in an horno (pronouned 
"or-no"), an open top kiln, and covered with broken shards. 
Lena, pine from the nearby hills, is split and dried by the 
alfarero. 14 The fire burns at a low temperature for several 
hours, which allows all the pots to dry thoroughly and ex-
pand evenly. Then, resinous pine is added to heat the pots 
enough to calcine them. This firing is begun in the late 
afternoon and may last beyond midnight. The bisqued ware 
13The pumice stone leaves striated marks on the moist 
pot. These lines are still present after firing, and their 
occurrence on shards found in the hills surrounding Tzintzun-
tzan indicates the antiquity of this tool and practice. 
14The habit of cutting green wood has caused heavy 
deforestation in the lake region. The massive beams in the 
16th century monastery are mute testimony to the vast forests 
that existed at that time. Around Patamban, another major 
pottery producing village, the cutting of live trees is il-
legal yet many alfareros still cut lena. Interview with 
Margarita Barthelemy, San Juan de Nuevo, Michoacan, Aug. 22, 1979. 
Figure 1. 15 Mexican Pottery Molds. 
Top row: Mushroom molds from Tzintzuntzan, Michoac~n. 
Bottom row: Concave vertical halves molds from 
Tzintzuntzan. 
15 Adapted from Foster, "Contemporary Pottery Tech-
niques in Southern and Central Mexico," Studies in Middle 
American Anthropology, p. 37. 
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cools for a half a day and then is unloaded with an iron 
hook. When it is cool enough to handle, the alfareros wipe 
it free of dust. (Some cracks are repaired at this point 
with slip dabbed over them.) Next, the alfarera dips the 
pots in a thick glaze suspension and puts them aside to dry. 
The pottery is restacked carefully so that no glazed surfaces 
are touching and then again covered with shards. The second 
firing traditionally occurs the next evening before the horno 
cools too much. The glaze firing is just as long, but it 
has a faster rise time and at a higher maximwn temperature. 
As the horno cools for a second time, the pots tinkle inside 
as they contract and settle. The good pieces are sold re-
tail in the family's shop, at market, or to a wholesaler. 
The small percentage, 5 to 10%, which are cracked or warped 
are thrown out or used to cover other firings. 
Glaze Formulation 
The method of glazing can be discussed in detail within 
the framework of alfareria. In Tzintzuntzan, the alfarera 
16 prepares and applies the glaze. The glaze components are 
purchased or bartered. Greta, litharge, is bought from a 
hardware store in the market town of Patzcuaro or for a 
16
women in 18th century New England also played this 
role; they" ... were often employed to do the slip decora-
tion and glazing. " Amanda, op. cit. 
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f t f 1 t . . t 17 ew ex ra pesos rom a genera s ore in Tzintzun zan. This 
dense orange powder reportedly originates in Monterrey, Nuevo 
18 ,. Leon, approximately 1000 km away. Tizar, the other compon-
ent which is siliceous, is excavated in nearby Ihuatzio and 
usually bartered to alfareros by traders. 19 Optional color-
ing ingredients include copper crystals from Santa Clara 
del Cobre and other local colored earths. (See Table 3. 
Chemical Composition of Clays and Mineral Oxides of Michoacan, 
Mexico, p. 46, and Map 2, Michoacan, Mexico, Appendix A., 
p. 95.) 
Two ways of preparing the glaze suspension exist. Foster 
reports the traditional method he observed in 1945 with its 
t . f s . h . . 20 ves iges o panis origins. The alfarera weighs the dry, 
lumpy greta on a wooden beam scale, which is counterbalanced 
17
rn November 1978, greta was $23 pesos per kilo in 
Patzcuaro (22.5 pesos = 1.00 dollar). By August 1979, this 
price had risen to $36 pesos per kilo, and in Tzintzuntzan, 
it was $40 pesos. ~~ 
18Foster, E · 1 Ch'ld 79 mpire s i ren ... , p. • 
19
outcroppins of t{zar seem to be found all around 
the lake. Possibly it was volcanic ash that settled in the 
basin. Geologic forces compressed and transformed it into 
a suitable silica oxide for ceramic glazes. 
20. Foster, Empire's Children ... , p. 90. 
Table 3 . Chemical Composition of Clays and Mineral Oxide s of Michoacan, Mexico.i1 
Weight % 
Substance 
Capilla (white) 
El Panteon (white) 
De la Mesa (red) 
%Si02 
58.00 
64 ".l!.~ 
I;' 
56.78 
El Puerto (red) 50.82 
Cerrito Colorado (red) 43.06 
Tf zar (white) 
Atashukua (?) 
Hormigon* (black) 
Charaspakua (red) 
Tierra Blanca (white) 
Kaolin** (white ) 
68.84 
77.96 
22.66 
40.24 
49.42 
46.5 
%A12o3 %Fe 2o3 
20.83 
20.88 
24.73 
30.53 
28.08 
18.27 
12 .13 
26 .81 
36 .12 
32.06 
39.5 
8.84 
5.72 
6.99 
6.63 
16. 90 
1 I 91 
3.61 
1J.67 
9.16 
3.18 
%Ca0 
1. 32 
0.67 
0.67 
1.12 
1.12 
1.57 
1.45 
1 . 34 
0.89 
1.1 2 
%Mg0 
o·. 48 
0 .18 
0.24 
0.34 
0.32 
0.21 
o.48 
0.39 
0.30 
The greta is litharge with 16.58% impurities and humidity. 
* Contains 19. 44% of MnO. 
%C02 
1.22 
0.42 
1.02 
1. 51 
0. 98 
2. 01 
0.30 
1.11 
1.22 
1. 51 
%so3 
0 .14 
0 .12 
0.32 
Ignition 
loss 
9.26 
7.65 
9.57 
9.05 
9.54 
7.07 
J.75 
14.97 
11. 98 
12 .41 
14. 0 
** This is the wet weight% of ideal clay given here for comparison. The ignition 
loss is water which is chemically bonded even above 105°c. 
21Adopted from Foster Empire's Children ... , p. 79 . 
*'" O"I 
by a stone, a libra, an archaic unit equal to a pound. Then 
she grinds the greta wet on a stone metate. The t1zar, how-
ever, is ground dry and then weighed out wet in small balls. 
The t1zar has a lower density, so each ball weighs a libra. 
One ball of wet tfzar to one libra of greta is added to make 
the glaze suspension, so a 1:1 weight ratio exists. The 
greta is suspended in water and the slurry poured off to 
4U 
collect the coarse particles for regrinding. Then, the tizar 
is squeezed through cheese cloth to separate out organic 
matter. The final mixture has the color and consistency 
of orange house paint. 
This author, however, has observed a much simpler pro-
cedure practiced in 1979 by one family. 22 Impure chunks 
of tizar are put in a cheese cloth sack. The amount is meas-
ured by volume with an oval tin can, which possibly contains 
1 liter. Five tins of t1zar are required for three kilograms 
(kilos) of greta. Water is added and the suspension of pure 
tizar collected in a plastic bucket. The alfarera empties 
out the organic matter and stones and then washes the sack 
out. The 3 kilos of greta are filtered next into the bucket 
in the same manner. Congealed suspensions left over from 
previous preparations are lastly filtered and added. The 
22
rnterview with Sra. Dolores M. de Dominguez, 
Tzintzuntzan, Michoacan, August 18, 1979. 
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final mixture looks like pale yellow house paint. This prac-
tice may have superseded the traditional one in other house-
holds as well. 
Firing Process 
At this point in the discussion, it is necessary to 
analyze the horno with its features, dimensions, and origins. 
The horno as described by knowledgeable authors and confirmed 
by personal observation has the following consistent form 
and features in this region. It is a circular structure 
of adobe bricks. It has a diameter of 1.2 meters (rn) and 
a height of 1.5 m (.75 m above ground level and .75 m below). 
The door to the firebox is .5 m high, and the fire is tended 
from an adjoining pit. The pots are separated from the fire 
by an open grate of fused bricks and pot shards supported 
by a central pillar and the wall. {See Figure 2, Sketch 
of an Horno, p. 49.) The horno is located in an open shed 
in the yard of the alfarero. It typically holds a load of 
300 t f t d . 23 po s o assor e sizes. 
Some sources report that simple pits or heaps of fuel 
are currently used for firing, but this crude technique is 
not present in Tzintzuntzan and vicinity. Pit firing may 
have been a pre-Columbian practice as the Tarascans were 
famous for their pottery, yet no kilns have been uncovered 
in any archaeological sites. More evidence that the Spanish 
23
several hornos in Capula were larger and one even 
in a square form made of red brick. 
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Figure 2. Sketch of an Horno. 
introduced the horno when they colonized Mexico is found 
in the similarity to structure, materials, and operation 
of kilns in ancient Middle Eastern cultures (3500 B.C.E.). 24 
The Romans followed this tradition, and kilns of this type 
· 11 d . h d. . 25 are sti use in t e Me iterranean region now. 
The horno is an updraft kiln. Air drawn in through 
the portal oxidizes the lena, and the hot gases rise and 
directly heat the pots before exiting into the atmosphere. 
This process has an inherent maximum temperature. Recon-
structed Roman kilns have a peak temperature of 900°c. 26 
Rhodes states that kilns such as the ones in ancient Middle 
East ranged from 900 to 1050°c. 27 Foster reports that in 
Tzintzuntzan, 900°C is attained when the glaze is judged 
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to be mature. 28 For this paper I made one field determination 
of the glaze firing temperature with the use of Orton Stand-
ard Pyrometric Cones (small cones 010 to 05). The series 
of cones placed directly above the fire indicated that cone 
08 or 983°C was attained, whereas the set located near the 
top showed that not even 919°C was reached by the uppermost 
24 Glenn C. Nelson, Ceramics: A Potter's Handbook, 
p. 271. 
25
naniel Rhodes, Kilns, p. 15. 
26
navid Brown, "Pottery, " Roman Crafts, p. 90. 
27 Rhodes, op. cit. 
28F t . 42 1 d os er, Tzintzuntzan .•. , p. . In New Eng an 
in arched updraft kilns and with hardwoods, the potters could 
attain cone 07 (984°C). Amanda, op. cit., p. 50. 
29 layer of pots. 
As mentioned in Chapter II, lead glazes melt over a 
low and wide temperature range. Nevertheless, vessels 
can be easily underf ired in an horno. At 770°C, the 
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glaze particles are fused but not vitrified, and the finish 
retains the grainy texture and yellow color of the raw 
glaze. Just below 900°C, the particles have vitrified, 
but the finish is discolored and has bubbling. At 1000°C, 
the glaze is vitrified, uniformly colored and has a glossy 
finish. 3° Foster observed that the underfired pots, 
which have a characteristic yellowish green cast or spots, 
are sometimes sold for an even higher price in the market 
because of their uniqueness. 31 
29Appendix D has a table of Orton Standard Pyrometric 
Cones and their equivalent temperatures in degrees Celcius. 
Each numbered cone has a specific composition of clay 
and mineral oxides, so that it melts at known temperature. 
A cone is judged to have attained this corresponding 
temperature when the tip is level with the base. (Small 
cones bend over at higher temperatures because of their 
lesser mass.) In the instance cited, the value of 983° 
is the inferred temperature as cone 08 was absent from 
this series. Cone 09 was flattened (above 955°), yet 
cone 07 was slightly bent (below 1008°). This judgment 
is supported by determinations done by Barthelemy in 
Patamban where she measured a range between cones 010 
and 07 (894 and 984°C). Interview with Margarita 
Barthelemy, San Juan de Nuevo, Michoacan, November 29, 
1978. 
30 Interview with Sr. Miguel Morelos, Tzintzuntzan, 
Michoacan, August 23, 1979. 
31 Foster, Empire's Children ..•. p. 92. 
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The alfarero, however, does not have quantitative cones 
to measure the temperature, but uses qualitative skills to 
determine the maturity of the glaze. One possible indicator 
is the color of the heated pots but this is not used. 32 
Another method used in 18th century New England was drawing 
rings from test pots. Foster indeed suggests this test is 
employed for the bisque firing in Mexico. 33 In contemporary 
kilns of Guatemala, however, a corn cob is thrust into a 
peephole. "As the cob bursts into flames, the surrounding 
area reflects the intense light and the extent of the melt 
can be determined. 1134 In practice, this is the method used 
in Tzintzuntzan. The reflected light was observed off the 
3211 The electromagnetic energy that is emitted from 
the surface of a heated body is called thermal radiation. 
This radiation consists of a continuous spectrum of frequencies 
extending over a wide range. The spectral distribution and 
the amount of energy radiated depend chiefly on the tempera-
ture of the emitting surface." Refer to Grant R. Fowles, 
Introduction to Modern Optics, p. 202. This means that the 
color of the heated pots indicates their temperature. The 
range is given in Appendix D. The New England potters are 
reported to have used this correspondence to judge when the 
pots were sufficiently heated. This method only becomes 
accurate with experience, and it is an art. See Amanda, 
op. cit. 
33 Foster, Empire's Children ..• , p. 90. 
34Louis Bock, "Folk Pottery of Guatemala, " Ceramics 
Monthly, 18:2, p. 15, Feb. 1970. 
pots on the top layer. Thus, these had mature glazes but 
they may have been spotted because the temperature did not 
reach 919°C. 
Despite this low temperature range, the horno is well 
suited to the barro and greta. Rhodes states that clay bod-
ies with this high an iron content and other impurities must 
be fired between 950 and 1100°c. 35 The resulting pottery 
is called earthenware, and although porous, it is strong 
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enough to withstand daily usage for about six months. There-
fore, although the horno attains a temperature of only 950° 
± 100°C with wood fuel, this temperature range is suited 
to the type of clay and lead glazes. 
Modernization of Pottery Making 
Into this traditional pattern, variations have occurred 
as Mexico's culture has been modernized. The production 
in Tzintzuntzan shows this influence, although towns closer 
to industrial centers (such as Tonala and Tlaquepaque which 
are situated near Guadalajara ) exemplify an even greater 
' degree of development. Since these technological changes 
have affected the "cottage industry" of pottery making, it 
is necessary to consider their impact on the problem of lead 
release from glazes. 
Of the several influences on alfarer{a in Tzintzuntzan, 
the most direct was the rural development program under the 
35Below this range, the particles have not chemically 
bonded to one another, and the vessels are not durable. Above 
this range, the clay body loses its form and melts or warps. 
Refer to Rhodes, Clays and Glazes for the Potter, p. 2 0 . 
Regional Center of Fundamental Education of Latin America 
(CREFAL) . 36 In 1955, the center appointed a pottery expert 
(Brejnik) to form a cooperative of alfareros in the village. 
He was a Czechoslovakian, and was highly skilled in European 
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techniques of pottery manufacture. His objectives were comp-
rehensive. "The plan was to include better glazes, molds, 
and kilns for better quality and thus better prices at the 
markets. 1137 
Brejnik organized the labor and materials to accomplish 
these objectives. With the aid of the local alfareros, the 
program built a large workshop to house several oil fired 
kilns and experimental prototypes. Drying rooms and presses 
with plaster molds were located in the building, too. The 
expert then tried to instruct the alfareros how to operate 
the new machinery. But when progress was slow and the 
36The other sources of influence include the socio-
economic efforts of Governor and later President Cardenas, 
.and the United States' Bracero Program, which was a " ... 
vital economic transfusion for Tzintzuntzan." See Kemper, 
op. cit., p. 36. CREFAL tried to directly infuse modern 
technology into the village from its founding in 1951 in 
Patzcuaro on the estate of former President Cardenas, (jointly 
sponsored by UNESCO and the Mexican Government). CREFAL, 
however, began with the erroneous assumption that a latent 
tendency for cooperation existed among the rural people. 
It sent out "skilled change agents" or "catalysts" for change 
to produce a model village of traditional yet transformed 
"peasants." So besides civic improvements such as cobbled 
streets and a bandstand, the "experts" stressed home egg 
production, weaving, furniture making, and pottery improve-
ments. All these programs met the same fate as the pottery 
cooperative. Refer to Foster, Tzintzuntzan ..• , pp. 328-335. 
37Foster, Tzintzuntzan ... , p. 332. 
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cooperative started to lose participants, he tried to make 
kerosene burners for the hornos. The official report mentions 
that he even tried to introduce them to throwing pots on 
a wheel. Finally, he recognized the danger of using raw 
lead, and so he tried to introduce the technology to reduce 
the hazard. 
The entire project failed, however, for other reasons 
besides CREFAL's false assumption of the cooperation poten-
tial of the alfareros. To begin with, CREFAL's expert gave 
inadequate supervision. Foster also believes that Brejnik 
38 distrusted and disliked the people. With regard to the 
lead frit, the process required expensive grinders, more 
fuel, and twenty-four hours of tedious work. The alfareros 
lacked the technical ability, capital, and time to make it 
profitable. Foster sighs in agreement with a bill collector, 
who explained the failure to an alfarero in this manner, 
" ..• it is the fault of the people who wanted to help you, 
but who didn't know how. 1139 
Yet despite its technical failure, the program did 
stimulate individual alfareros to experiment with glaze for-
mulation and style. Finishes and styles popular today date 
from this period (195 0 's ) of departure from traditional plain 
38
rnterview with Dr. George Foster, Anthropologist, 
Tzintzuntzan, Michoacan, August 13, 1979. 
3 9 T ' 335 Foster, zintzuntzan ... , p. • 
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brown glazed or burnished, red slipped pottery. Outside 
art dealers even before CREFAL's involvement encouraged the 
development of white slipped with black drawings in the 1930's. 
From this style, the opposite color scheme was pioneered 
in 1957 and displayed in Mexico City. The burnished, black 
oxidized ware originally produced in Oaxaca was introduced 
also. Finally, copper containing green glazes characteristic 
of Patamban began to be used in Tzintzuntzan along with com-
mercially prepared colored slips. 
An indirect agent of change, paved roads, also has 
stimulated alfareria. Mexican and to a lesser degree Ameri-
can tourists could reach Tzintzuntzan with little difficulty 
by the early 1940's. Foster cites this influence; " ..• most 
(but not all ) productive and artistic innovations of the 
past generation have been brought about by an increasing 
tourist demand for interesting pieces. 1140 Pottery began 
to be sold from roadside stalls as early as 1945. Even within 
the past year, two dozen families have erected rough wooden 
stalls to sell their ware directly to tourists instead of 
shop owners in town. 41 Sikorski comments on Tzintzuntzan 
4
°Foster, Tzintzuntzan .•. , p. 305. Foster emphasizes 
the economic incentive when he states, "With competition 
for the tourist trade, new forms and glazes are appearing. " 
Ibid., p. 43. 
41This new settlement begun in April 1979 has grown 
to 45 structures by August 1979. Twenty-five of these were 
occupied, and the tract between Patzcuaro and Tzintzuntzan 
has officially been named Colonia Lazaro Cardenas. The shops 
and residences are illegal and were erected in competition 
for exposure to tourists. Interview with Dr. George Foster, 
Anthropologist, Tzintzuntzan, Michoacan, August 13, 1979. 
from her field work in 1960. 
It lures the tourist with a row of wooden stalls 
selling local pottery and straw goods .•. These wares 
are primitive in design and manufacture, yet charm-
ing and clearly aimed at sale to tourists ••. Tzint-
zuntzan frankly and ably attracts ~~e tourists and 
does so mostly with its own wares. 
Not only can affluent buyers travel to Tzintzuntzan 
and other Mexican villages and paved highways, but shipments 
of pottery can be transported to distant markets. "Modern 
transportation has taken them to farther markets and greatly 
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expanded the production of pottery, which has taken the im-
petus towards more forms and more styles. 1143 These shipments 
are handled by wholesalers, who traditionally loaded burros 
and traded within the region or state. "Today, local middle-
men travel in the latest model pick-ups and half-ton trucks 
to the northern border cities where they sell substantial 
quantities of pottery and other craft products at consider-
able profits. 1144 The technological improvement of paved 
roads has therefore had a considerable impact on the moderni-
zation of alfarer1a. 
Improvements from ceramic engineering combined with 
traditional patterns are exemplified in two individuals of 
Tzintzuntzan. Miguel Morelos and his friend, Juan Zaldivar, 
own modern natural gas fired kilns yet are planning to sell 
42 Kathyrn A. Sikorski, Styles of Living in Santa Fe, 
Michoacan, p. 35. 
43 b'd 102 ~., P· . 
44 Kemper, op. cit., p. 22. 
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their earthenware from a wooden stall . Sr. Morelos has been 
establishing his occupation during this period of technilogi-
cal change. He learned to make "traditional" loza blanca 
(white slipped with black figures) from his father and grand-
mother. His style shows artistic talent as his traditional 
designs are clean, flowing, and precise. His ambition, how-
ever, led him away from his traditional basis. He lined 
his horno with refractory brick in order to fire higher, 
but this did not work well. So a year ago, he purchased 
a gas kiln for 30,000 pesos ($1500 dollars ) . In this cart 
loading kiln, he fires not only vessels of local clays, but 
pieces formed by pouring kaolin slip into plaster molds. 
Sr:. Zaldivar and Sr. Morelos are searching for markets 
for their unique and superior pottery. Sr. Zaldivar sells 
his products somewhere in Mexico City as his father did. 
They both complain that FONART, a government agency designed 
to subsidize regional crafts, buys pottery at prices of 2 
or 3 years alo and without regard to quality. Therefore, 
Sr. Morelos sells limited amounts to American exporters in 
Uruapan and from his home. 
These exporters of Mexican crafts have influenced Sr. 
Morelos by their personal patronization. He also claims 
to purchase all his slips and esmaltes (glazes) from Mexico 
City where he receives technical advice. His ambition to 
fire higher was encouraged, however, by the results and 
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recommendations of a study made by the Secretary of Exterior 
Conunerce. In 1977, this agency tested samples of glazed 
earthenware from villages in Michoacan for lead release, 
according to Sr. Morelos. This study recommended to him 
that if he could fire to 1050°C, then the lead release would 
45 be lower and he could export his ware. Sr. Morelos has 
been influenced by various technical and economic forces 
to depart from traditional practices to modern ceramic 
production. 
The most innovative, however, has been the use of a 
leadless glaze obtained in Mexico City. It has a glossy, 
clear, and colorless finish as opposed to the slightly 
yellow tint of traditional lead glazes. The new glaze, how-
ever, is applied over kaolin slipware and fired in the gas kiln. 
Although its composition and ceramic properties are unknown, 
it is probably not applicable to the lower and broader temp-
erature range attained by hornos. Furthermore, Sr. Zaldivar 
45Elemental lead vaporizes at 1740°C. Rhodes re-
ports that lead only volatilizes above 1200°C, which corres-
ponds to stoneware clays. Rhodes, Clays and Glazes for 
the Potter, p. 67. The lead that is not volatilized re-
mains supposedly as an insoluble complex with silica. 
Lead: Airborne Lead in Perspective, p.79. Another study, 
however, has shown that lead can volatilize between 1050 
andll00°C (roughly cone 04). Richard L. Lehman, "Stab-
ilization of Surf ace Layers of Lead Containing Glasses 
and Glazes," Proceedings ... , p. 53. Sr. Morelos fires 
his ware above cone 06, and the temperature is fairly 
uniform throughout the kiln. Interview with Sr. Miguel 
Morelos, Tzintzuntzan, Mich., August 25, 1979. 
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and he have been the only alfareros (who are usually poor, 
since alfarer{a has a narrow margin of profit) in Tzintzun-
tzan, who have accumulated the capital necessary to purchase 
the prerequisite technology for the use of a leadless glaze. 
The progression which Sr. Morelos has experienced has 
advanced farther in the towns of Tonala and Tlaquepaque, 
which are located on the industrial outskirts of Guadalajara, 
Jalisco. Several notable artists. have expanded family busi-
nesses into factories that produce even exportable items. 
On one hand, the American influence is clearly recognizable 
in the factories set up by Ken Edwards such as his current 
shop and El Palomar, a factory outlet and tourist attraction. 
Most of the pottery is stoneware that has leadless, high 
temperature glazes, but some items for sale are " flame ware" 
or red glazed earthenware that bear the marking "Lead Free. 1146 
On the other hand, Jose Bernabe is one of a half dozen 
alfareros who produce hybrid pottery. Besides the modern 
kiln in which he fires stoneware at cone 6 (1220°C), he has 
an eight foot diameter horno that fires to 800 °C with wood. 47 
His loza (fine earthenware) is very ornate, and his delicate 
style is distinct. His style has developed from past de-
signs which is evident in historic museum pieces. 
46El Palomar even has certificates which declare, "This 
certificate assures you that no lead is, or ever has been, 
used in the production of •.. this stoneware." 
4 7 t . . th S b T 1,. 1 . In erview wi r. Jose Berna e, ona a, Ja isco, 
August 3 0 , 19 79. 
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Sr. Bernabe uses prepared esmaltes from M+T Industries, 
a firm based in the United States with plants and sales of-
fices in Mexico. I contacted the office in Tlaquepaque and 
learned about the company's products from Ing. David Martin, 
a chemical engineer. His company sells frits and glazes 
for electroplating and ceramics. Also in the company's lab-
oratories in Monterrey, N.L., it has chemically tested pots 
for lead release in 1976. 48 For ceramic applications, M+T 
Industries offers two fritted glazes. (See below Table 4. 
Fritted Glazes Available from M+T Industries.) The first 
contains lead and is designed for low temperature use. This 
glaze has a correspondingly high lead release, too. The 
second, which is intended for higher temperatures, has a 
very low release. The release is well within FDA standards 
if it was leached in the same way. Concerning the use of 
these glazes by potters, David stated that second glaze was 
not suited for use in hornos because they could not maintain 
that high a temperature uniformly. 49 Thus, the high release 
glaze is better suited to traditional kilns. 
Table 4. Fritted Glazes Available from M+T Industries. 
Fr it Price Temperature Optimum Lead Release 
code pesos/kilo range oc cone ppm 
8FB 26 to 27 780 to 950 012 3,500 
ETS-2B 20.50 1000 to 1100 04 4 
48This report was from the company's laboratories in 
Monterrey, N.L., and dated Aug. 9, 1976. The vessels tested 
had been produced by alfareros in their facilities. Interview 
with Ing. David Martin, Chemical Engineer with M+T Industries 
of Mexico, Tlaquepaque, Jalisco, August 29, 1979. 
49
rbid. 
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To reach and maintain the temperature required by the 
second glaze (and for stoneware, too), the alfareros use 
special burners. These burners use "petroleo," which upon 
combustion heats the kilns up to cone 6 (1220°C). These 
blowers have an electrical motor mounted on a tripod base 
with a two foot nozzle to direct the spray. The fuel which 
is aspirated into the nozzle is light oil which could be 
available at a lower cost than natural gas. Sometimes a 
"Y" shaped extension is attached to the nozzle, so that one 
burner can heat both sides of the kiln. They are manufac-
tured by Quemadores Industriales (Industrial Burners). This 
device may be a recent innovation because Barthelemy mentioned 
that only a few years ago, Sr. Bernabe was experimenting 
with a "tortilla burner" to heat a kiln. 50 • This equipment 
is readily available and in widespread use in Tonala and 
Tlaquepaque, but its applicability to rural alfarer{a is 
unknown. 
50
rnterview with Margarita Barthelemy, San Juan de 
Nuevo, Michoacan, August 22, 1979. Tortilla machines are 
common in Mexico, now, and they must use some sort of oven 
or burner to cook. Foster comments that this convenience 
has freed many Mexican housewives from the daily task of 
preparing tortillas by hand, and the time liberated can be 
spent making more pottery for instance. Tzintzuntzan has 
at least one such machine. See Foster, Tzintzuntzan, p. 
52. Also Foster mentions that one other alfarero there has 
used a "gas burner" to fire pots and bricks. Ibid, p. 
296. 
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This high temperature technology has enabled at least 
one factory to obtain certification from the U.S. Govern-
ment to export their ware directly. A representative of 
Ken Edwards' business explained to me that this status allows 
their pottery to pass through the border without strict test-
ing. 51 For those alfareros without such prior clearance, 
delays as long as six months may occur while the FDA tests 
the shipment thoroughly. This waiting period necessitates 
a warehouse and professional brokers, both of which add to 
the cost to the potter. Items which are not designated as 
dinnerware, however, require no testing, and therefore are 
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more profitable to export. This extra expense caused by 
the stringent standards of the U.S. tends to discourage small 
uncertified producers, which in turn limits their technical 
growth. 
51
rnterview with Sr. Victor Lepe, Administrator with 
K. E. of Tonala, Tlaquepaque, Jalisco, August 28, 1979. 
52
rnterview with Peter and Linda Neil, Exporters with 
Associates of Mexico, Uruapan,Michoacan, August 22, 1979. 
CHAPTER V 
EXPOSURE TO LEAD INTAKE 
The exposure to lead can now be specified in the pro-
duction and use of Mexican earthenware. This exposure can 
be classified as occupational risk or consumer exposure. 
The levels of intake of each type of exposure, however, cannot 
be precisely determined. 
Occupational Exposure 
Alfarer{a is a "cottage industry," which is a hazard-
ous way to produce lead glazed pottery. Points of exposure 
to lead by the alfarera and her husband can be identified. 
They both periodically come into contact with raw lead com-
pounds .1 The glazing and firing steps present the greatest 
risks, so these processes will be examined with regard to 
lead intake. 
For the alfarera, the steps of glaze preparation and 
application are the points of contact. In New England where 
this "cottage industry" was also practiced, this occupational 
risk was serious, but known. "The dangers inherent in the 
use of lead glazes were also recognized. Many potters and 
their families suffered from lead poisoning .... " 2 As 
1The entire sequence of alfareria takes a family about 
two weeks to complete. Religious holidays and seasonal weather 
interrupt this cycle, but for theoretical purposes a period 
of two weeks will be assumed. Refer to John W. Durston, 
Social Organization of the Peasant Markets in Central Mexico, 
p. 134. 
2 Suzanne Amanda, "Early New England Potters," Ceramics 
Monthly, 23:10, .P· 49, Oct. 1975. 
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mentioned above, the woman in this culture like the woman 
in Mexico now, did the glazing, so she faced the greatest 
risk. Since other similarities exist between the two tra-
ditions, the alfarera may be suffering from lead poisoning 
also. Barthelemy offers evidence in support of this from 
her experience with a family of Patamban. The alfarera notes 
a "sweet" taste in her mouth whenever she uses lead glazes. 3 
Possibly this woman inhales powdered litharge or touches 
her mouth while glazing because these ways to ingest lead 
are cited for American hobbyists. 4 I did not observe, however, 
such contact during glaze preparation or application. The 
mixture was splattered on clothing, and the hands were fully 
immersed in it. Yet there was little dust, and the alfarera 
. 5 
washed her hands thoroughly afterwards. Therefore, the 
3Personal communication from Margarita Barthelemy, 
April 13, 1979. To understand this taste phenomenon, it 
should be pointed out that litharge was added to new wine 
during some 16th century festivals with endemic results. 
See Lead: Airborne Lead in Perspective, p. 141. 
4
ceramic hobbyists in the United States face the greatest 
risk due to their naivet~ and unregulated production. These 
semi-professional potters do have access to practical educa-
tional aids. See Edgar Littlefield, ''Are Lead Glazes Danger-
ous?" Ceramics Monthly, 19:1, p. 25, Jan. 1971, Reprinted 
from 1954; Facts About Lead Glazes for Art Potters and Hobbyists. 
5
rnterview with Sra. Dolores M. de Dom{nguez, Tzintzun-
tzan, Michoacan, Aug. 18, 1979. Foster does report that 
the dust from grinding greta was attributed as the cause 
of epileptic fits among infants under eight months old. The 
nursing inf ants would breathe in the dust while their mothers 
worked, and later have the fits. This sequence of events 
seems improbable, however, because the greta was usually 
ground wet and the symptoms seem unrelated to lead poisoning. 
The fits abated after eight months presumably. Interview 
with Dr~ George M. Foster, Anthropologist, Tzintzuntzan, 
Michoacan, August 12, 1979. 
) 
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possibility exists, but it does not seem to be a proven hazard 
for all alfareras. 
Another risk known to hobbyists is the inhalation of 
lead fumes while firing. The alfarero stays close to the 
horno for 6 to 8 hours while he constantly tends the fire 
and near the endpoint judges the glaze maturity. Barthelemy's 
informant says he smells something "sweet" while firing the 
pots. His most recent practice has been to fire at the upper 
limit of the horno (possibly 1050°C) to obtain a better glaze 
finish. This temperature is the lower limit for the volatili-
zation of lead from a glaze as mentioned in Chapter IV. Bar-
thelemy cites further evidence that the alfarero is inhaling 
lead. His symptoms are gastro-intestinal pain and sore legs, 
yet this source is unverified. 6 Therefore, the exposure 
to the alfarero, like that faced by his wife, remains a pos-
sibility, which depends on individual habits of the alfareros. 
6To support these symptoms as being the result of lead 
poisoning, the Barthelemys cite the similarity to plurnbism 
suffered by house painters. When white lead paint was pop-
ular, the painters would ingest so much that they feared 
they would fall off their ladders because their legs hurt 
so much. Interview with Margarita Barthelemy, San Juan de 
Nuevo, Michoacan, August 22, 1979. This author, however, 
made no attempt to diagnose any physical or behavioral symp-
toms of lead poisoning in any of the informants. 
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Consumer Exposure 
One important difference between the cottage industries 
of 18th century New England and present day Mexico is the 
awareness of both the producer and consumer. In New England, 
" .•. customers who purchased the ware knew of the risk of 
storing acidic foods in pots so glazed. Tremors, palsies, 
and sundry nervous disorders were attributed to lead glazes 
even in the 1700's. 117 The potters and consumers in the former 
era seemed to recognize fully the danger, yet the popular 
belief in Mexico appears to deny that lead release from pot-
tery and subsequent lead poisoning even exist. One notion 
is that the lead completely volatilizes during the firing. 
This explanation is doubtful, however, because alfareros 
generally do not fire at the upper limit of the horno but 
fire until the glaze has vitrified and reflects light (about 
900°C). Another belief centers on the use of paint (sapolin) 
to cover over chips in the rims of vessels. While one infor-
mant (who will remain unidentified) stated this substance 
contains lead, another said it had corrosive chemicals which 
cause immediate stomach pains. Each claim is doubtful because 
the symptom is different from lead pois~ning. Also scien-
tif ic opinion has decided that ingestion of lead by rim to 
mouth contact is very minimal and does not constitute any 
7Amanda, op. cit. One medical study has concluded 
that lead poisoning from earthenware was occurring around 
Tonala, but the study is as vague as the symptoms. "Medical 
News Around the World: Mexico City, 11 Medical World News, 
8:21, March 3, 1967. 
8 hazard. 
Other explanations exist which admit lead poisoning 
is a possible danger in storing and serving acidic foods 
and beverages. These explanations, however, deny that this 
contact occurs in Mexico. One informant agreed that acidic 
liquids such as vinegar and lemon juice should not be stored 
in earthenware. The person also pointed out that only North 
Americans drink refrigerated juices. Most Mexican families 
do not have refrigerators, so they do not face this risk. 
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One weak point in this argument is the fact that lead release 
decreases with temperature. Another fault is that only one 
means of storing juice is considered. Nevertheless this 
explanation does express the opinion that food habits criti-
cally differ in Mexico from those common in the United States. 9 
10 This belief is held by other informants, too. The 
8Refer to the question and answer period immediately 
following Anthony J. Laurs, "Review of European Test Methods 
for Measuring Lead and Cadmium Release," Proceedings ... , 
pp. 35, 36. The lead content and release of the substance, 
however, has not been determined. 
9 A delegate to the 1974 CFS brought up the point about 
who is protected by the limits. "This is not a scientific 
question. This, I would think, is an ethical and philosophi-
cal point. In the United States, we make very great effort 
to protect people who do very weird things." Lloyd B. Tepper, 
"Biological Effects of Lead and Cadmium Absorption," Pro-
ceedings ... , p. 18. --
lOThese informants will be identified, but the order 
of opinions reported in the text is unrelated to the order 
in which they are cited. Interview with Dr. George M. Foster, 
Anthropologist, Tzintzuntzan, Michoacan, Aug. 12, 1979, Inter-
view with Dra. Carolina E. de Mujica, Director of the Inter-
cultural Exchange Program, Patzcuaro, Michoacan, Aug. 21, 
1979. Interview with Sra. Maria Teresa Luft, Director of 
the Museo de Artes Populares, Patzcuaro, Michoacan, August 
21, 1979. 
69 
traditional staples of the Mexican diet are beans, squash, 
corn, and recently wheat (animal protein is eaten, too). 
Even today I observe that few Mexicans eat fresh salads or 
drink fruit juices from earthenware. Furthermore, these 
informants maintain that for 400 years, lead glazes and these 
food preferences have been part of the culture, and the people 
have not experienced any overt illness. 
Awareness of Exposure 
Given these explanations, the level of awareness of 
the culture in general was discussed by the informants. One 
informant felt that no risk existed, so the rural villagers 
probably do not know and do not need to be aware of lead 
poisoning. Another believed from personal experience that 
the risk was insignificant, and the people's awareness was 
unknown. The last admitted that subtoxic accumulation was 
a strong possibility yet hard to detect. 11 Therefore, al-
though most Mexicans are believed to be ignorant of lead 
release, the informants say that this unawarenesss makes 
no difference because the food habits which have caused lead 
poisoning in the United States are not present in Mexico. 
1111Dr. Evan Cambell of the Los Alamos Scientific Lab-
oratories, who has tested Mexican earthenware, feels that 
there may well be a good deal of lead poisoning among Mexico's 
rural population. But the symptoms are so easily confused 
with malnutrition that damage by lead has so far gone un-
measured." Jean L. Block, "The Accident That Saved Five 
Lives," Good Housekeeping, 165:9, Nov. 1969, p. 70. 
The argument that no ill effects have been noticeable 
in 400 years of usage could have some credibility. Two in-
formants reported the folk tradition of curing a pot before 
use in cooking. 12 The process treats comales, cazuelas and 
ollas with salt, calcium hydroxide and water. A fired pot 
must traditionally proceed through the following sequence 
of curing. First, the vessel is dipped in water to form 
a film on the inside. Next, rock salt is rubbed around in-
side and adheres to glaze. The vessel is covered and heated 
to a high temperature over a wood fire. During the quarter 
hour that it remains on the fire, the hydrated salt explodes 
as the water is vaporized from inside the crystals. This 
indicates the heating is complete, and the pot is allowed 
to cool. Then left-over calcium hydroxide in water (used 
to remove the corn kernels) is poured in. Again the pot 
is placed on the fire until the water boils violently for 
a few minutes. The pot is finally rinsed and ready to cook 
in. 
This series of chemical treatments may change poro-
sity of the glaze. Barthelemy reports from personal exper-
ience, that if the procedure is not done, the pot cannot 
be used very long for cooking because: a) the food has an 
12 
. . h . d · 1 f . Interview wit Lin ~ Nei , Exporter or Associates 
of Mexico, Uruapan, Michoacan, Aug. 22, 1979; and interview 
with Margarita Barthelemy, San Juan de Nuevo, Michoacan, 
70 
Aug. 22, 1979. It is important to note that the main infor-
mants in Tzintzuntzan (a family of alfareros) when questioned 
on any preparative procedure, knew nothing about this "folk 
tradition." 
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earthy flavor, b) the vessel leaks and may even crack during 
cooking, c) and so much water is absorbed that rice cannot 
13 be boiled in an uncured pot. All these undesirable effects 
result from the fact that earthenware is relatively porous. 
With regard to flavor, Cardew states that food cooked in 
an older earthenware dish tastes better. 14 Possibly by re-
peated use the pores have filled in, and so the food does 
not contact the clay. 
Given this folk cure, a question arises. Could this 
curing process which reduces porosity also decrease the quan-
tity of lead released? As shown in Chapter III, the effec-
tive surface area of a glaze determines the lead release. 
This question suggests that this tradition could protect 
the people from lead ingestion. Scientific treatment of 
this inquiry will be made in the next chapter. 
Influence of Modernization 
Mexicans are turning, however, from past traditions 
and accepting new customs and habits. The influence of 
technological and social change on lead exposure to consumers 
must be considered. Since earthenware has been relatively 
inexpensive, the poorer residents of a community have been 
the traditional buyers. For agricultural villagers such 
as the people of Tzintzuntzan were for centuries, all the 
13Margarita and Ricardo report that they learned of 
the procedure from the alfarero after several broken vessels. 
Barthelemy, op. cit. 
14 
. h 1 c d . 78 Mic ea ar ew, Pioneer Pottery, p. • 
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residents would have cooked in and eaten from lead glazed 
earthenware. People living in major towns had access to 
imported china, and thus if they had the money they would 
not have been exposed to the risk. 
In the latter half of this century, however, tech-
nology and tourism are bringing significant changes. On 
one hand, Barthelemy believes that "safe" traditions of cook-
ing and food preference are being lost while new foods and 
f t . ld b . . h 15 ways o prepara ion cou e increasing t e exposure. In 
addition to this, Mexican upper class tourists are purchas-
ing earthenware. Because their food preferences resemble 
North Americans', they may face the risk as well. On the 
other hand, glassware for cooking and serving is becoming 
available in every market town, and the poorer people are 
16 purchasing and using it as a status symbol. With regard 
to the Mexican upper class, it appears to be informed of 
the hazard, so education could be protecting this class from 
exposure. Therefore, changes within the Mexican culture 
are ambiguous with regard to lead intake by both classes 
in the social structure. 
15Margarita cites the modern use of chiles and tomatoes 
cooking in the pot with the food whereas before these acidic 
ingredients were always added at the last minute before serv-
ing. Pickled chiles are also popular and are often left 
in a ceramic bowl on the table for several meals. Interview 
with Margarita Barthelemy, San Juan de Nuevo, Michoacan, 
November 29, 1978. 
16Margarita has seen truckloads of "seconds" sold at 
fiestas. Interview with Margarita Barthelemy, San Juan de 
Nueva, Michoacan, August 22, 1979. 
CHAPTER VI 
CHEMICAL ANALYSIS OF LEAD RELEASE 
' The international work on the problem of lead release 
provides a quantitative means of evaluating the hazard to 
Mexicans. European governments and professional organiza-
tions have been using analytical techniques to judge the 
safety of ceramic vessels for nearly a century. Only within 
the past five years, however, has any international gather-
ing dealt with standardization and correlation of the various 
procedures and limits. As mentioned in the discussion in 
Chapter III, the agreements and recommendations do fall short 
on some points, particularly the suitability of the acetic 
acid test. Nevertheless, because these procedures are in-
ternationally recognized, the work of CFS will provide the 
analytical approach to the problem in Mexico. 
Standard Limits 
In the detailed outline of the acetic acid test, the 
critical factor of surface area to volume ratio is omitted. 
The FDA's current procedure provides no guidelines on this 
factor for interpreting the results, but CFS has considered 
this variable. A comprehensive classification of vessels 
with corresponding limits of release has been specified. 
Ceramic foodware was categorized according to volume, depth, 
and purpose. 1 
1The testing procedure accompanying these limits is 
the same acetic acid extraction for 24 hours at 20°C. See 
A. Dinsdale, "Heavy Metal Release from Ceramic Foodware," 
Proceedings ••. , p. 21. 
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Dinnerware: ceramic flatware and hollow ware 
used in the preparation, serving, or storing of 
foods other than cookware. Flatware: flatware 
consists of ceramic articles which have an in-
ternal depth, as measured from the lowest point 
to the horizontal plane passing through the upper 
rim, that does not exceed 25 mm. Hollow ware: ceramic 
articles having an internal depth ••• greater than 
25 mm. Small hollow ware: hollow ware with a capacity 
less than 1.1 liter. Large hollow ware: ••• with a 
capacity of 1.1 liter or more .••. Cookware: glazed 
articles specifically intended to be heated by means 
such as steaming, boiling, •.• and stewing •.• in 
the course of the preparation of food or beverages. 
Examples of such articles are casseroles, •.. slow 
cookers, and saucepans.2 
The conference also suggested priorities for testing items 
from the different classes in particular" •.. the articles 
having the highest surface area/volume ratio in contact with 
foods shall be selected. 113 
The limits of lead release for these categories are 
as follows: flatware, 7.0 ppm; small hollow ware, 5.0 ppm; 
large hollow ware, 2.5 ppm; and cookware, 5.0 ppm. The deg-
74 
ree of tolerance for each of these limits was also recommended 
by the conference. 
(1) B~cause flatware should constitute a minimum 
source of lead burden from ceramic articles, limits 
for flatware .•. refer to the value obtained when 
the individual values of the piece tested are aver-
aged. (2) All other limits are expressed in absolute 
maximum values, in that no individual unit compris-
ing a sample may exceed these levels. (3) The limits 
for cookware are considered as provisional, since 
analytical data are lacking to support another figure. 
The committee noted that additional data are required 
in order to better relate results to actual usage.4 
211 Lead and Cadmium Release," Ceramics Monthly, 25:12, 
p. 71, Dec. 1977. 
311 Lead and Cadmium Release, " Ceram.i,cs Monthly, 25:12, 
p. 71, Dec. 1977. 
4
rbid. Refer to pp. 20 and 21 also. 
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Despite uncertainty of the test, these limits of release 
do take into account the physical dimensions and actual func-
tions of the ware. 
Classification of Pottery 
Table 5. Earthenware Items from Mexico (pp. 76-78) 
displays information on the vessels collected in the field. 
Each pot was selected as representative of articles for sale 
to all types of consumers. For easy refererrce. each pot 
is assigned a number, M(n). In the next column, the ori-
gin of the vessel and the alf arero or factory are given if 
known. Then, the Spanish word for the item and indication 
of which type of consumer it is produced for is noted. (Ref er 
to Appendices B and C; T = tourist, D = decorated for fies-
tas, U =utilitarian.) The columns headed "Dim." and "Ware" 
classify the pot according to the above criteria of CFS. 
(Values greater than 25 are given in milliliters, ml, while 
the other figures are in mm; shw=small hollow ware, fw=flat-
ware, cw=cookware. ) Finally, the last column notes any spec-
ial remarks. ("Field tested" means that this item had boil-
ing acetic acid in it for~ hour once before. 5 ) 
The other set of samples of known glaze composition 
and firing temperature were also tested. These vessels 
5 A crude method was tested by using white vinegar and 
thioacetiamide to leach and then precipitate the lead. Al-
though the results were ambiguous and not quantitative, I 
equipped a field kit with reagents, vials and a dropper. 
Table 5 . Earthenware Items from Mexico. 
M(n) Place of Production Alfarero 
Ml 
M2 
M) 
JVi4 
M5 
M6 
Capula, Mich. 
San Jose de Gracia, 
Mich. 
Capula, Mich 
Sta. Fe de la Laguna, 
Mich. 
Sta. Fe de la Laguna 
Sta. Fe de la Laguna 
Andres Tavera 
M7 
MB 
Tzintzuntzan, Mich. Brejnik (?) 
M9 
M10 
Mll 
Patamban, Mich. 
Patamban 
Patamban 
Patamban 
Ml 2 Pa tamban 
Ml) Patamban 
Pablo Contrerez 
same 
Genoveva Ruiz de 
Hernandez 
Antonio Agustin 
same 
same 
Sp. Name 
of vessel 
bQla 
cilli! 
bola 
olla 
QlJ& 
taza 
plato 
olla 
(miniture 
pitcher) 
(creamer) 
. "' pina 
Olla 
Olla 
Type Dim. Ware Remarks 
ml 
D 
D 
D 
u 
T 
T 
T 
T 
T 
T 
u 
T 
or 
mm 
110 shw field tested 
80 shw field tested 
260 shw 
510 shw 
540 shw painted 
400 shw untraditional 
shape 
460 fw depth is 26 mm 
Czech design ? 
350 shw 
120 
320 
. 60 
shw 
shw delicate 
shw 
900 shw 
270 shw 
--.). 
O'I 
Table s. continued. 
M(n) Place of Production Alf arero Sp. Name Ty-pe Dim. Ware Remarks 
of vessel ml 
or 
mm 
M14 Capula --- Espinoza tazita T 180 shw very fine slip 
application 
M15 Capula same plato de T 18 f w on all pieces 
tazita 
M16 Capula same p_lati to - T 20 f w I I 
Ml 7 Capula same ll!_~to T 12 f w II 
M18 Capula same plato T 14 f w II 
grande 
M19 Tzintzuntzan Manue 1 Dom.lngue z taza T 400 shw 
M20 Tzintzuntzan 
----
salserq. D 250 shw green slip in-
side surface 
M21 Dolores,,Hildalgo (commercial) tazita u 210 shw purchased in 
Patzcuaro marke t 
M22 Dolores (commercial) olla u 220 shw same 
M2J Tzintzuntzan ...-Manuel Dominguez tazj. t~_ T 170 shw 
M24 Tzintzuntzan Manuel Domfnguez :glato de T 20 f w spots from 
tazita under firing 
M25 Tzintzuntzan Dolores Medina de cazuelita u 200 shw all from ob-
.,., . 
served firing Dominguez 
M26 Tzintzuntzan same cazuelita u 530 shw It 
M27 Tzintzuntzan same cazuel~ u 1200 CW II 
M28 Tzintzuntzan same cazuela u 1140 cw cured before 
analysis -._) 
-._) 
Table s. continued. 
M(n) Place of Production Alfarero Sp. Name 
of vessel 
M29 Tzintzuntzan Miguel Morelos s;J.n~ero 
MJO Tzintzuntzan Miguel Morelos cinicerq 
MJ1 Tzintzuntzan Miguel Morelos ci~ 
C£.a.noa) 
MJ2 Tzintzuntzan Miguel Morelos plato 
MJJ Tlaquepaque, Jalisco "El Palomar" :Qlato de 
,. 
Jose Bernabe 
~ 
MJ4 Tonala, Jalisco tca.zi t~ 
Type Dim. Ware Remarks 
ml 
or 
mm 
T 15 f w like a plate 
T 17 f w same 
T 2JO shw deep like a 
bowl 
T 21 f w "leadless" 
glaze 
T 470 shw "lead free" 
glaze 
T 210 shw ornate design 
--J 
00 
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contain approximately 160 ml each and were formed, 
glazed, and fired in the ceramic studio at the Univer-
sity of Redlands. Most of the finishes of the Mexican 
glazes are smooth and have a clear, brown tint, but the 
glazes fired here have a variety of colors and textures. 
Glaze #1 has a white translucent appearance, and it cov-
ers the surface smoothly. The second glaze, which shares 
the same formula only with the addition of 3% copper 
carbonate, has similar properties except that it is 
green. On one hand, glaze #3 may not have been applied 
sufficiently for it is colorless, transparent, and rough. 
On the other hand, glaze #4 has the same formula plus 
copper and manganese oxides, yet it has a thick dark 
brown and opaque finish. Glaze #5 has the expected gray-
green hue and mat finish, even though it contains no 
copper. Finally the vessels with glaze #6 have a mat, 
colorless, and transparent finish. Unfortunately, none 
of these glazes match the appearance of the Mexican ves-
sels. 
From the components' weights in Table 1 (Chapter 
I, page 6) and the known molecular formulas of these 
ingredients, the chemical composition of each glaze can 
be calculated. Table 6., Mole Composition of Selected Glazes 
(p. 81 ) , displays the mole composition of some glazes, for 
which all the molecular formulas are known. 6 The mole ratio 
of all oxides (except silicon dioxide) to silicon dioxide 
7 is computed also. 
Results from Known Glazes 
Table 7. Lead Release from Known Glazes (p. 81 ) shows 
the results of the standard test for the six glazes. In 
keeping within FDA guidelines, six vessels of each glaze 
were individually tested and measured. The average release 
in parts per million (ppm) is given in addition to the ex-
tremes and the standard deviation. The underscored figures 
in the last column are the individual releases from vessels 
treated previously with rock salt and calcium hydroxide. 
These latter values are not included in the calculation 
6The feldspar used had the mole composition of .73 
K2o, .27 Na 2o., 1.05 Al2o 3 , 6.32 Sio2 and a formula weight 
of 572 g. From Table 2., p. 14. three moles of litharge 
are equivalent to one mole of white lead as the carbon di-
oxide and water are driven off in the firing, so a factor 
of 259 g. formula weight is used. Flint is silicon di-
oxide, f.w. 60 g., and kaolin is 1.0 Al 2o3 , 2.0 Sio2 , 2. 0 
H20, f.w. 258 g. Zinc oxide has a f.w. of 81.4 g. caicium 
carbonate, 100 g., manganese dioxide, 87 g., and copper ox-
ide, 80 g. The mole composition of Frit 3134 and rutile 
is unknown so the calculations were not performed for glazes 
#1, 2, 5. 
7Refer also to Richard L. Lehman et. al., "Mechanism 
of Modifier Release from Lead-Containing Glasses in Acid 
Solution, " Arn. Ceramic Society Bulletin, 57:9, p. 804, 
Sept. 1978. 
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of the average value of the untreated control pots. 
Table 6. Mole Composition of Selected Glazes. 
modifiers 
Glaze PbO cao ZnO K20 Na 2o Al2o 3 Sio2 silica 
#3 1.20 0.20 0.39 0.14 0.05 0.30 4.74 0.48 
#4* 1.20 0.20 0.39 0.14 0.05 0.30 4.74 0.54 
#6 2.32 2.41 0.13 0.04 0.49 5.06 1.07 
*contains .10 mole CuO and 0.16 mole MnO 
Table 7. Lead Release from Known Glazes (ppm) . 
Avg. value Maximum Minimum Std. Dev. Cured Pots 
Glaze (ppm) (ppm) (ppm) (ppm) (ppm) 
#1 0 1 0 1 
#2 20 23 17 ±2 19 
#3 2 2 2 0 
#4 5 6 4 ±1 _!, 6 
-
#5 1 1 1 0 
#6 31 44 17 ±12 44, 28 
These results can be interpreted by the scientific 
principles discussed in Chapter III. First by comparison 
of the values for glazes #1 to #2 and #3 to #4, it is shown 
that copper does increase the lead release. (Manganese has 
been proven not to affect release. 8 Another reason for the 
8Pier L. Buldini, "Influence of Coloring Oxides 
Heavy Metals' Release from Ceramic Glazes," American 
Ceramic Society Bulletin, 56:11, p. 1013, Nov. 1977. 
on 
difference between #3 and #4 could be the different thick-
nesses of the glazes. ) Second for the glazes whose mole 
ratio of modifier to silica was calculated {See Table 6), 
the critical value of 0.7 seems to hold true (with exclus-
ion of the effects by copper) because only glaze #6 with 
a ratio of 1.07 moles of modifier to mole of silica has a 
significant lead release. Third, only glazes #1, 3, and 
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5 are within the limits for small hollow ware. Even glaze 
#4 would be judged as hazardous due to the one value which 
exceeded the strict limit of no more than 5.0 ppm. Fourth, 
the figures from cured vessels generally fall within one 
standard deviation of their respective averages. From this 
data, the folk treatment does not appear to chemically and/or 
mechanically alter the glaze surface. Therefore, the test 
results for samples of known composition follow the empiri-
cal laws previously presented, and the data shows that the 
folk tradition of curing apparently does not affect the lead 
release. 
Results from Mexican Earthenware 
The lead extracted from vessels produced in Mexico 
(chiefly in Michoacan) is presented in Table 8. Lead Re-
lease from Mexican Earthenware. This table is divided into 
the categories of ceramic ware as defined by CFS. (No ves-
sel was collected which could be only designated as large 
hollow ware.) Each classification is then further sub-
divided under the following criteria: CFS maximum permissible 
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limit, possibly safe range (less than 100 ppm, see discussion 
on p. 34), and finally hazardous release (greater than 100 
ppm). All the values listed have the units of parts per 
million (ppm). Only two pots specifically designed for cook-
ing were obtained, and both of these fall within the provi-
sional limit. 
Table 8. 
<5. 0 
EOt ppm 
Ml 1 
M6 4 
Ml4 2 
M21 0 
M22 1 
M26 2 
M33 0 
< 7 . 0 
pot ppm 
M32 0 
Cookware 
<5.0 
pot ppm 
M27 5 
M28 2 
Lead Release from Mexican Earthenware. 
Small Hollow Ware 
5.0 < x < 100 >100 
pot ppm pot :e:em 
M2 22 M3 310 
M4 23 M8 460 
MS 15 M9 590 
Mll 42 MlO 2900 
M23 13 Ml2 12000 
M31 28 Ml3 4200 
M34 11 Ml9 320 
M20 4300 
M25 1900 
Flatware 
7.0 < x < 100 > 100 
~ ppm pot ppm 
M7 57 M24 2600 
MlS 8 M29 130 
Ml6 20 
Ml7 15 
Ml8 11 
M30 29 
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The significance of the items under one subdivision 
will be considered one at a time. The small hollow ware 
(shw) vessels which have releases within the permissible 
limit are notable. Even though Ml was previously reacted 
with boiling vinegar, this probably did not affect the succeed-
ing test. Studies in England have shown that only a 40% 
reduction occurred between the first and third extraction 
9 (both were below 3.0 ppm). Items M6 and Ml4 are the only 
traditionally small hollow ware of moderate volume that had 
such a low release. Pots M21 and M22 were commercially manu-
factured, and probably have a fritted lead (or even leadless) 
glaze, which was fired at a high temperature. This type 
of ware is available in market towns regularly. M26 will 
be discussed below with the other cazuelas. Finally, M33 
from "El Palomar" does prove to be "lead free", but it is 
specifically intended for sale to tourists. Therefore, the 
commercial pots are safe, but only a few traditionally made 
items fall within this limit. 
9
ninsdale, op. cit., p. 22. The scientific data are 
contrary to the advice which Cardew gives, " .•• nearly all 
the soluble lead can be got rid of by a preliminary boiling 
(e.g. one hour) with vinegar or acetic acid, thereafter in 
subsequent cookings the amount of lead dissolved is insignif i-
cant." Michael Cardew, Pioneer Pottery, p.78. A similar prior 
treatment is recommended by a popular periodical. 11 And if 
such pottery is to be used regularly for food of any type, 
it should be first treated in order to wash out the lead 
in the glaze. The platter or pitcher or bowl should first 
be washed with soap and water and allowed to dry completely. 
Then the surfaces are rubbed with lard and the utensil heated 
in a hot oven for at least 30 minutes. After it has cooled, 
the inside should be washed out several times with vinegar. 
Finally, it should be filled with vinegar and stand for several 
hours or overnight .•• These precautions should get rid of 
loose lead which foods might otherwise pick up." Jean L. 
Block, "The Accident that Saved Five Lives," Good Housekeeping, 
p. 70, Nov. 1979. 
The next subdivision contains some noteworthy pieces 
also. M4 and MS are characteristic of mundane ware which 
is also attractive to tourists when painted. The convenient 
half liter size could find many uses in both rural and urban 
kitchens. M2 and Mll are miniature poncheras and have no 
practical use. M23 is an example of decorative or tourist 
ware designed for hot beverages. {It is shaped like a tea 
cup.) Its relatively low release contrasts to M24 {a plate) 
from the same glazing and firing {see below), which shows 
that proper firing temperature does insure lower release. 
M31 could be representative of the thin glazing used by its 
alfarero. Its uncharacteristic contours, however, distort 
its correlation to other small hollow ware. Finally, M34 
could be glazed with 8FB {see Table 4., p. 61 ) but from this 
low release this seems unlikely. 
The third column of items under small hollow ware have 
very high releases. I believe all are representative of 
forms of utilitarian and tourist ware. All of these items 
have deteriorated glazes after testing. Ml2 is specifically 
utilitarian. Its extreme release could be hazardous when 
used daily in a Mexican home. M20 is a salsera or a bowl 
to contain pickled chiles or chile sauce for table conven-
ience. Its color (green) indicates the presence of copper, 
too. M3 is a dish of the same approximate dimensions as 
M20, and possibly it is used in a similar manner. This type 
of vessel is prevalent in Tzintzuntzan, and if used under 
acidic conditions it could be a source of lead intake. 
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MB and Ml3 are drinking cups sold to tourists or used on 
festive occasions. Their high release also indicates that 
this type of ware from Patamban could be hazardous. There-
fore in general, these items, which are characteristic of 
common articles, have very hazardous lead release. 
The vessels under the heading "Flatware" will be dis-
cussed together. The claim by Miguel Morelos that he cur-
rently uses a leadless glaze is proven by the zero release 
of M32. Probably, his small hollow ware with this glaze 
would have no lead release either. Pieces Ml5 through Ml8 
were all made by the same family, and their moderately low 
release along with that of M14 (less than 5.0 ppm) demon-
strate the safeness of this family's ware. M30 and M29 ap-
pear to be identical pieces, yet they differ greatly in the 
amount of lead extracted. This wide variation points out 
the need for many identical samples to provide a statisti-
cal basis for evaluation. M24 was noticeably underfired 
(green spots) and was selected because of this condition 
(see discussion of M23 above). Since it is flatware, this 
value has little significance for the piece itself, but this 
result does show the hazardous nature of underfired glazes. 
Finally, M7 is a curiosity and presumably made by Brejnik 
or under his direction (see p. 54). This release along with 
the observation of lead glazes in his storage room, show 
that he did experiment with such glazes. Therefore, the 
collection of flatware only has significance when the 
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properties of the various glazes are applied to other classi-
fications. 
Ultimately, the two items of cookware are important. 
First of all, their glaze formulation and thermal history 
are known; see the description on p. 47. Second, they were 
made by the same family who produced items M25 and M26. Piece 
M25 deviates greatly from these other similar cazuelas be-
cause it was underfired or because it has a large surface 
area to volwne ratio. Third, M28 was treated with rock salt 
and calcium hydroxide, yet it does not significantly differ 
I 
in release from the nearly identical control vessel M27, 
10 
or from the intermediate sized cazuela, M26. M28, as every 
other item, exhibited great porosity and sweated solution 
during the 24 hour test because the chemical treatment did 
not change its porosity. Thus although these limited re-
sults do not support the value of the tradition of curing, 
the low releases do indicate that the vessels are safe to 
cook in. 
10
vessels M26 and M27 were cracked in shipping, so these 
were sealed with a black rubberized compound to prevent them 
from leading while being tested. To confirm that the rubber 
substance did not affect the lead release, controls on glaze 
#1 were also tested. The cups so treated still had no lead 
release, so the sealing compound had no effect on the re-
sults. 
CHAPTER VII 
CONCLUSIONS 
One can make four conclusions from the findings on 
the problem of lead release: (1 ) lead release from Mexi-
can earthenware is unsafe according to international stand-
ards, (2) Mexican potters and consumers of such earthen-
ware risk at least insidious poisoning, (3 ) these persons 
have little awareness of the disease or lead release, (4) 
technological changes required to use leadless glazes could 
be unfeasible. This chapter will summarize the evidence 
both for and against these conclusions. 
Lead Release is Unsafe 
The experimental data shows that most of the pottery 
is unsafe as judged by the FDA's and CFS's criteria. Only 
seven pots of the thirty collected in Michoacan, Mexico, 
had lead releases below the maximum permissible limit of 
CFS's categories. Eleven had extremely high releases, which 
were above the more liberal hazard limit of 100 ppm. The 
other thirteen pots had releases which were intermediate 
although these would have to be judged as unsafe according 
to present standards. 
Four similar pots (M25-M28 ) were of particular inter-
est because their glaze formulation and firing was observed 
(see p. 48). As mentioned in the previous chapter, the three 
largest pots had releases under the limits, while the 
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smallest vessel, M25, had an extremely high release (see 
p. 87). These results suggest that for large and well fired 
pots this glaze formula is safe. If the release from six 
identical pots (FDA procedure) had been collectively within 
the limit, then the similar pottery of that load would be 
considered safe. 
Other pottery shows ways in which the lead release 
can be increased. First, underfired pots have a much higher 
release than well fired pots with the same glaze (e.g. M23 
and M24 ) . Second, glazes which contain copper have higher 
releases, which is shown by the glazes formulated at the 
university.Pot M20 which has copper shows this effect, too. 
The testing procedure itself, however, makes these 
limits of safety uncertain. On the one hand, the acetic 
ac~d test has been criticized for being too harsh and not 
correlating to actual conditions. Opponents argue that the 
test's corresponding limit should be raised ten times. On 
the other hand, daily intake of 3.2 mg of lead for two years 
caused acute poisoning in an adult. If this daily amount 
of lead was consumed in one liter of beverage, then the con-
centration was 3.2 ppm, which is well under the limit. This 
daily amount of lead is also equal to the tolerable weekly 
intake of lead. 
This ambiguity points out the need for research in 
two areas. First, the accumulation from "low-level" ex-
posure needs to be investigated. Insidious poisoning must 
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be researched further. Second, depending on the threshold 
levels of long term accumulation, new testing procedures 
and limits for pottery need to be established. These tests 
must both be able to measure accurately lead concentrations 
and correlate to actual food habits of Mexico in this in-
stance. These goals of the International Conference on Cer-
amic Foodware Safety need to be pursued. 
Risk of Poisoning 
The evidence is circumstantial for the second con-
clusion that Mexicans are suffering from lead poisoning. 
First, CFS has identified "cottage industry" use of lead 
glazes as especially hazardous. Traditional pottery making 
in Mexico does expose the potters to raw lead glazes. Sec-
ond, similar production and usage of pottery in 18th cen-
tury New England was known to cause chronic lead poison-
ing. Third, at least one medical study has indicated that 
lead poisoning from earthenware was present in one locality 
in Mexico. Fourth, the folk cure for cooking pots has no 
effect on lead release. Fifth, although the lead release 
decreases with decreased acidity, the very high releases 
of some utilitarian pots do indicate that hazardous amounts 
of lead could be released under milder conditions. Thus, 
I conclude that at least insidious poisoning is corrunon in 
Mexico. 
The impact of modernization on the problem is ambigu-
ous. On the one hand, new foods which are acidic could 
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release more lead into the daily diet. Some minor sources 
of exposure (i.e. atmospheric lead from gasoline and lead 
soldered cans) are new and could add to the body burden of 
lead. On the other hand, the use of glassware is popular, 
and glassware is available to traditional users of earthen-
ware. Also increased literacy could help inform Mexicans 
of the problem of lead release and how to avoid it. 
Awareness of the Problem 
The third conclusion that Mexicans are not aware of 
the problem is partially substantiated by the findings. Six 
informants were asked about lead poisoning and release, and 
most believed general awareness of the Mexican people was 
low. Two informants who were potters did not know of the 
disease and/or cited incorrect sources of exposure to lead. 
This unawareness could be due to the fact that insidi-
ous poisoning has subtle symptoms which are not easily rec-
ognized. Attempts to alert the Mexican government to the 
health risk of lead glazes have been made. The fact th2t 
Sr. Morelos was contacted by a government commission does 
show that the Mexican government is working on the prob-
lem's source and with the potters. 
Chances for Technological Change 
In order to solve the problem at its source, techno-
logical changes are needed. Lead oxide is the best flux 
for traditional pottery making. The glaze melts over the 
wide range of temperatures which are found in a traditional 
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The low temperature of the melt matches the type of red, 
earthenware clay. Even fritted lead, which is safer to handle, 
must fit the conditions. Only frits which have high releases 
can be used in the traditional kiln. To use leadless glazes, 
more sophisticated technology is required. 
The findings indicate that this technology could be 
feasible under certain conditions. The equipment in use 
near Guadalajara is well suited to leadless or better fritted 
glazes. The oil burners and refractory kilns can attain 
and maintain the proper high temperatures. Kaolin, white 
clay, is required for these temperatures, too. 
The feasibility of technology in Tzintzuntzan is un-
known. Traditional pottery making is affected by the ris-
ing cost of raw litharge and the expanding markets within 
Mexico. It is unclear, however, whether or not advanced 
technology could compete with traditional pottery making 
in remote rural areas. The innovations require capital, 
which few potters have. By exporting the ware, the capital 
can be obtained. It is difficult, however, for small pro-
ducers or exporters to clear the FDA's testing at the border. 
Alternative technology required for leadless glazes may not 
be economically feasible for rural potters. 
Nevertheless, these potters would welcome new tech-
nology if they could afford it. Over the past forty years, 
tourism and expanded national markets have stimulated pot-
ters to change in Tzintzuntzan. They have incorporated 
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many innovations into their work despite the failure of 
CREFAL to direct this change. Foster's belief seems to be 
incorrect that potters, who must follow tradition closely 
to make a marginal income, are very conservative. 1 The prog-
ress of Sr. Morelos is further evidence that potters accept 
new technology for leadless glazes. 
The First Conference on Ceramic Foodware Safety recom-
mended that potters in "cottage industries" should be edu-
cated. The conference, however, suggested that the World 
Health Organization implement such a program. To date, I 
do not know of one. Mexico is not the only nation in the 
world where lead glazes are used. Spain, Portugal, and many 
developing nations in Asia use lead glazes for the same rea-
sons as Mexican potters. "The use of lead is cheap and es-
thetic. 112 The report from which this quote is taken also 
points out the health hazard from such glazes. It is there-
fore hoped that responsible international agencies can in-
traduce appropriate and safe technology. 
1Possibly Foster's views have changed, but he advised, 
"that new community development programs avoid pottery-
making villages as initial targets." George M. Foster, Tra-
ditional Cultures and the Impact of Technological Change-,~ 
p. 144. 
2 Dusan Djuric, "Analytical and Medical Aspects of Lead 
Exposure Due to Lead Glaze Pottery," Proceedings .•• , p~40. 
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MAP 4. LAKE REGION 
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APPENDIX B 
TERMINOLOGY 
Spanish terms. 
Alf arerfa 
Alf arera 
Alf arero 
Barro 
Candelero 
Cazuela 
Cenicero 
Comal 
Esmalte 
Greta 
Gretada 
Horno 
Lena 
Loza 
Mano 
Metate 
Olla 
Plato 
Plomo 
Ponchera 
Salser a 
Taza 
Tinaja 
Tizar 
craft of pottery making 
woman potter 
man potter and usually husband to alf arera 
red clay or earth used to fashion vessels 
candle holder 
earthenware cooking pan like a casserole dish 
ashtray 
earthenware griddle for cooking tortillas 
fritted glaze power 
litharge used in glaze 
lead containing glaze 
round open-topped kiln fired with lena 
split firewood 
earthenware pottery 
hand-held flat stone 
sloped grinding stone 
earthenware vessel of various sizes and used for 
cooking, water transport and storage, and drinking 
plate 
de caldo - soup bowl 
lead 
punch bowl 
small bowl which serves to contain chili 
sauce on the table 
teacup 
large water jar (unglazed) 
white earth with a high silica content 
which is used with greta to form glaze. 
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Ceramic terms.* 
Bisque fire - preliminary firing to harden the body, usually 
at about cone 010, prior to glazing and subsequent 
glaze firing. 
Calcine - to heat a ceramic material or mixture to the tem-
perature necessary to drive off the chemical water, 
carbon dioxide, etc. 
Casting (or slip casting) - process of forming clay objects 
by pouring clay slip into a hollow plaster mold and 
allowing it to remain long enough for a layer of clay 
to thicken on the mold wall. 
Craze - to produce minute cracks on the glaze surface. 
Clay - decomposed granite· that has fine particles 
so that it will be plastic. 
Earthenware - low-fire pottery (below cone 03), usually 
red or tan color within absorbance from 5 to 20 per-
cent water. 
Flux - lowest melting compound in a glaze, such as lead, 
borax, soda ash, or lime. The flux combines easily 
with silica and thereby helps higher melting alurnina-
silica compounds to form a glass. 
Frit - partial or complete glaze that is melted and then 
reground for the purpose of elimination of the toxic 
effects of lead or the solubility of borax, soda 
ash, etc. 
Glaze - liquid suspension of finely ground minerals that 
is applied by brushing, pouring, or spraying on the 
surface of bisque fired ceramic ware. After drying 
the ware is fired to the temperature at which the 
glaze ingredients will melt together to form a glassy 
surface coating. 
Greenware - pottery that has not been bisque fired. 
Kaolin - pure clay or china clay with formula of 
A1 2o 3 ·2sio2 ·2H2o 
*Adapted from G. C. Nelson, Ceramics: A Potter's Handbook, 
1971. 
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Kiln - furnace made of refractory clay materials for fir-
ing ceramics. 
Majolica - earthenware covered with a soft lead and tin 
glaze. The ware originally came from Spain and 
derived its name from the island of Majorca, which 
lay on the trade route to Italy, ca. 1400. 
Maturity - temperature or time at which a clay body de-
velops the desirable characteristics of maximum 
impermeability and hardness; or the point at which 
the glaze ingredients completely fuse. 
Pyrometric cones - small triangular cone (1.13 or 2.63 
inches in height) made of ceramic materials that are 
formulated to bend and melt at specific temperatures. 
Sintering - firing process in which ceramic compounds fuse 
sufficiently to form a solid mass upon cooling but 
are not vitrified. 
Slip - clay in liquid suspension. 
Stoneware - high-fire ware (above cone 6) with slight or 
no permeability and usually gray with specks of tan 
or red. 
Temper - coarse sand or other material mixed into clay to 
add hardness. 
Wedging - kneading plastic clay with the fingers and heel 
of the hands in a rocking spiral motion, which forces 
out trapped air pockets and develops uniform texture. 
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Chemical terms.** 
Alkaline earths - elements from the magnesium family such 
as berylium, calcium, and strontium, which are fluxes 
or glass modifiers. 
Anion - negatively charged ion such as hydroxide or oxide 
(2-), which are the main anions in glazes. 
Atomic Absorption Spectroscopy - trace analysis for metals 
that are volatilized and atomized by flame and then 
the absorption spectrum is compared to known standards. 
Cation - positively charged ion such as silicon (4+), alumi-
num (3+), lead (2+, 4+ ) , or any other metallic flux 
or glass modifier. 
Eutectic point - lowest melting point for a 
compounds dependent on their ratios. 
point is always lower than any of the 
of the pure compounds. 
Galena - lead sulfide, PbS. 
mixture of 
The eutectic 
melting points 
Hydroxide - a negatively charged ion consisting of an oxygen 
and hydrogen. 
Litharge - lead monoxide, PbO, made by spraying molten lead 
in air. 
23 Mole - 6.02 x 10 molecules, - 1 mole of hydrogen atoms 
weighs 1 gram. 
Polarography - quantitative analysis procedure for metals 
in which a continuously variable applied voltage 
produces a current which is characteristic of the 
concentration of a particular metal ion in solution. 
Valency - the charge or possible charge of an element. 
Volatilization - vaporization or temperature at which 
liquid becomes a gas. 
White Lead - basic lead carbonate, 2Pbco3 ·Pb(OH) 2 • 
**Partially adapted from R. L. Pecsok et. al., Modern 
Chemical Analysis, 2nd Ed., 1976. 
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APPENDIX C 
TYPES OF VESSELS 
The pottery of Michaocan bears the preferred desig-
nation, loza, which means "fine earthenware," and the ves-
sels take many forms in accordance with the purposes and 
consumers. Durston's study classifies them into three broad 
categories: utilitarian, decorative and tourist. 1 The first 
includes cooking pots, casuelas, ollas, comales, tazas, 
tinajas, and platos de caldo. All these have mundane pur-
poses of cooking or serving, and their appearance shows this 
use. They are unslipped and unpainted and have only a plain 
brown glaze (leaded). Utilitarian items are sold in local 
markets at very low and stable prices. 
Decorative pottery encompasses the same types as utili-
tarian and poncheras, ciniceros, candeleros, and salseras. 
These pieces have colored slips and oil paint designs brushed 
on besides the glaze. These colorful pots are in great de-
mand during festival periods, especially during December 
and January. Prices widely fluctuate as demand and produc-
tion change because the fiestas interrupt further produc-
tion and the supply dwindles. Durston adds that besides 
this local demand, this type is purchased wholesale by middle-
men and warehouse owners and transported to the border or 
Mexico City. 
1 John W. Durston, Social Organization of the Peasant 
Markets in Central Mexico, pp. 126-134. 
103 
The third category, tourist, incorporates most of the 
former types and features vajillas, matched dinner sets. 
The colors vary even more with emphasis upon green, white, 
and yellow slips with green or blue glazes. These pots are 
also handled by middlemen, but they are usually sold in the 
roadside stands for prices as high as the ignorant tourist 
will pay. 
Not all of this loza is glazed or gretada. Some has 
a burnished finish which is applied by the pre-Columbian 
technique of rubbing the pot with a crystal of iron pyrite. 
This finish is on a minority of the vessels for sale and 
used in the home. 
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APPENDIX D 
Temperature Equivalents of Orton Standard Pyrometric Cones* 
cone 
number 
(Dull 
02 0 
019 
018 
017 
016 
015 
014 
013 
012 
011 
010 
09 
08 
07 
06 
05 
04 
03 
02 
01 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
* 
Large Cones 
oc 
Small Cones 
oc 
red glow visible between 550 and 625° C.) 
635 
683 
717 
747 
792 
804 
838 
852 
884 
894 
894 
923 
955 
984 
999 
(Light yellow at 1050°.) 
1046 
1060 
1-101 
1120 
1137 
(White hot at 1150 oc. ) 
1154 
1162 
1168 
1186 
1196 
1222 
1240 
1263 
128 0 
1305 
1315 
1326 
1346 
1366 
1431 
666 
723 
752 
784 
825 
843 
919 
955 
983 
1008 
1023 
1062 
1098 
1131 
1148 
1178 
1179 
1179 
1196 
1209 
1221 
1255 
1264 
1300 
1317 
1330 
1336 
1335 
Adapted from Glenn C. Nelson, Ceramics: A Potter's Handbook, 
1971, pp. 310-311, and Micheal Cardew, Pioneer Pottery, 
1969, pp. 304-306. 
APPENDIX E 
EXPERIMENTAL 
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Instrumentation. Two methods were considered for 
the determination of lead concentration in the leachates. 
(See Chapter I, p.10) The principles of each method were 
different (electrochemical and spectroscopic), yet these 
methods were equally suited to quantitative analysis for 
lead release. Of the four points of comparison (reliabil-
ity, sensitivity, accuracy, and convenience), the conven-
ience of Atomic Absorption Spectroscopy (AAS) favored its 
use over polarography. Both methods and the experimental 
procedure are discussed below to compare the instrumen-
tations and results. 
The polarography required a homemade potentiostat 
and a Houston Instruments 100 X-Y Recorder. I assembled 
and tested the potentiostat according to the schematic 
in Figure 3. on the next page. An external power supply 
of ± 15 volts was necessary. Three electrodes were con-
nected to the circuit: the reference electrode, Fisher 
Scientific 13-639-53 saturated Ag/AgCl electrode; auxili-
ary electrode, a gold wire; and working electrode, a drop-
ping mercury electrode (DME ) . These electrodes were fitted 
into a polyethylene cell cov~r. (The reference electrode 
had a salt bridge of 4.0 M KCl.) Pure, commercial nitro-
gen was used to deaerate the electrolysis cell. 
Figure 3. Schematic of Potentiostat 
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A Beckman Model 485 Dual Beam Atomic Absorption Spec-
trometer attached to a strip chart recorder was used to 
make the AAS determination. Commercial acetylene at 6 
psi and compressed air at 20 psi were the fuel/oxidizer. 
A multi-element cathode lamp (Cd, Pb, Zn, Cu) emitted the 
absorption beam which the monochromator measured at 283 
nm. 
Figure 4. Spectrometer 
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Solutions. Several acid, electrolyte, and standard 
solutions were required. Glacial acetic acid and deionized 
water were used to make 4% (0.694 M) acetic acid with a 
pH of 2.35 at 22° C. A supporting electrolyte of 0.198 
M sodium acetate was used in the polarography. Standard 
lead solutions were prepared from a stock solution of 1.6 00 
g of lead nitrate in 1. 000 i of 4% acetic acid. One liter 
solutions of 1, 10, 20, 30, 40 µg/ml (ppm) were made by 
volumetric dilution with four percent acetic acid. 
Procedures. 
1. Polarography. Each sample was prepared by 
pipetting 20 .0 ml of the sodium acetate solution and of 
the standard solution into a 150 ml electrolysis cell. 
This cell was snapped into the polyethylene cover with 
the electrodes immersed in the solution. The sample was 
deaerated for fifteen minutes with nitrogen, and then the 
bubbler and the flow were adjusted to keep the solution 
under a nitrogen atmosphere. During each run the mercury 
reservoir was elevated 70 cm higher than the tip of the 
DME capillary. The potential scanned at -0.2 volts/min. 
and the polarographs of potential versus current were made 
for each standard solution. The temperature of each solu-
tion was also measured during each run. 
2. AAS. The procedure in the operation manual 
was followed. Each sample was aspirated into the flame 
109 
for approximately one minute. Between each sample, de-
ionized water was aspirated to clean the tube. After the 
recorder had been zeroed on deionized water and pure 4% 
acetic acid, each run was calibrated with the standard 
solutions. 
Results. Five series of runs were performed on five 
different days to compare the two methods. The data were 
plotted (ppm vs. microamp or absorption units). The slopes 
of the working curves for polarography were fairly constant, 
0.027 ± 0.002 µA/ppm. This technique was sensitive enough 
to detect 0 .5 ppm of lead. The curves for AAS were non-
linear and showed more variation. The function y=A· (x)B 
best fit the data. Values for A varied from 0.0159 to 
0.0181 with an average of 0.0168, and for B the range was 
0.920 to 0.948, average value of 0.935. The AAS could 
detect 1 ppm clearly, but the signal to noise ratio was 
worse than for polarography. 
Each method was equally reliable, sensitive, and 
accurate for the determination of lead concentrations, 
but AAS was much more convenient for analyzing the large 
number of samples. Polarography required more sample solu-
tion, more glassware, more handling, and more operation 
time than AAS. AAS used only a few milliliters of sample 
and gave equivalent data as polarography but in a fraction 
of the time. .Therefore, AAS was used to quantitatively 
determine the lead concentrations. 
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Pottery. The pots were handled and tested according 
to the procedure described in Chapter I, p.10. Each ves-
sel was labeled prior to testing and the leachate of each 
vessel was collected in a bottle correspondingly marked. 
When a pipette was used to collect samples, it was rinsed 
in deionized water three times between samples. The volume 
or depth of each pot from Mexico was measured after the 
extraction. 
The folk cure was performed in the manner described 
in Chapter V, p. 70. After it was rinsed in deionized 
water, the pot had rock salt rubbed on the inside. Then 
the pot was strongly heated over a gas burner for twenty 
minutes until the salt crystals popped. After it cooled, 
it was filled with 0.5 ~ calcium hydroxide. This solution 
soaked through the porous clay even though the pot was 
again heated for 45 minutes until the solution boiled vig-
orously. The pot was rinsed thoroughly with deionized 
water before testing with acetic acid. 
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